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PREPACK TO THE FIRST EDITION 


In this volume the author has followed the general system which 
he has found successful in the courses of lecturos on l-'uel, delivered 
for some time past at the Sir John Cass Technical Institute, and the 
notes for these lectures have formal the lmsis of the work. Tho 
constant inquiries of engineers and technical men attending these 
lectures for a book on such lines leads tho writer to hope it will 
prove of service in furnishing as completo an account of the subject 
as will rr^gt- the requirements of the lnrge class to whom power 
production’b of importance. The application of fuels to other 
purposes has not boon overlooked, but primarily fuels are considered 
in their relation to power. 

Evory endeavour has been made to place before the technical 
man, who is not a fuel specialist, but who requires a good general 
knowledge of tho subject, as full information on all fuels of import¬ 
ance as space permits ; at tho same time tho scientific principles 
underlying gas producer practice, combustion, etc., have not been 
neglected. As far as possiblo the diagrams have been chosen to 
illustrate principles and typical forms of plant and apparatus. 

The material falls naturally under, four headings: Solid Fuel, 
liquid Fuel, Gaseous Fuel and tho Analysis and Calorimetry of 
.Fuels. In the last section are included also tho question of purchase 
on a calorific basis and the scientific control of combustion. 

Owing to its importance as practically tho only native fuel 
available in this country, coal has received special attention, and 
syery endeavour made to collect information on the composition of 
the ooals of Great Britain and the Colonies, hut in many cases but 
|tittle is available. When it is realized that the annual output of 
Itilijjjd in Gijjat Britain is some 270 million tons, of which we consume 
SUjSgjl 180 million tons, it is surprising that no systematic study of 
Inr'oasis few been made, and the data, particularly in relfition to 
pgfctiUl are surprisingljufteagre. * • 

IjjiPilMrear coal supplies are 'not everlasting* and that every possible 
Ipt^. ehotffd be a exercised in its tree is admitted generally, but one 
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o( the first essentials in realising this is better knowledge of o«r 
different coals and their special characteristics in relation to practice. 
The establishment of } Government Fuej Testing Laboratory, on the 
lines of the magnificent laboratories provided by the American 
Government, is greatly to be desired. In the United States Bureau 
of Minos Laboratories the analytical data and calorific value of many 
thousand samples of coal have jioen collected, hundreds of boiler tests 
with hand-firing and various mechanical stokers carried out, over 250 
coals tested in gas-producer plants, besides briquetting, coking and 
washing tests, on a proper commercial scale. All the information is 
obtainable gratis, and must prove of immense service to producers, 
manufacturers of fuel plant and consumers. 

If the value of such work is recognized in the States, which have 
large supplies of alternative fuel, suroly tho value of such a laboratory 
to a country dependent entirely throughout its industries ou one fuel 
cannot lie over-estimated. 

In the section on Liquid Imef, its use for steam-raising and 
heuting purposes is considered, and later particular attention is given 
to fuels for uso in internal combustion engines. Tiup economic 
aspect of tho uso and supply of liquid fuels, ospecially^hose lighter 
spirits suited to petrol engines, has been dealt with at some length. 
Hie important position which alcohol as a fuel must assume sooner 
or later has led to its being considered more fully than its present 
importance niijght appear to justify, but its potentialities are such 
that the question of its production and supply demands careful 
consideration. 


In dealing with Gaseous Fuel tho principal object has been to 
enunciate the gonorai principles and tho great advantages arising 
from its employment. No attempt has been made to describe a large 
numlior of plants, but a selection has been chosen from good 
examples as illustrating current practice. A ohapter is devoted to 
Fuel Consumption iit power plants. 

The material on Fuel Analysis and Calorimetry is neoessarily ' 
curtailed, hut the methods and apparatus are mostly those familiar to 
the writer, who has endeavoured to introduce the results of his own 
experience in this section. 


Tho writer is indebted to many of the technical journals ter 
information, and suitable references to the originals have been made 
m the text. Original memoirs ocourring in Foreign Journals may be 
■*“ *• “ "•*•»* •* 
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reproduce diagrams from his book on Power Gas Producers: and to 
Mr. G. Lorimer, for assistance in correcting tyre proof-sheets. 

Acknowledgment and thanks are due to the following for information 
and illustrations kindly supplied :— 

Mr. 8. P. Stackard : Carbogen Oil Fuel Burner. 

Mr. S. 8. Field: Field-Kirby Oil Fuel Burner. 

Mr. S. N. Brayshaw: Pressure Gas Burner and Furnace. 

Messrs. Kermode, Ltd. (Liverpool): Oil Fuel Burners, Furnace 
, Installation. 

Messrs. John Burdon & Sons (Glasgow): Oil Fuel Furnace. 
Messrs. Taite & Carlton : Holden Liquid Fuel Burners, etc. 
Messrs. J. Samuel White & Co., Ltd. (Cowes): Oil Fuel Burners. 
The Brett Patent Lifter Co. (Coventry): Oil Fuel Burner and 
Furnaces. 

Messrs. E. G. Appleby A Co.: Kerpoly Producer and Feed-hopper. 
' The K. & A. Water Gas Co., Ltd.: Kramer and Aarts Water-gas 
Plant. 

The Campbell Gas Engino Co., Ltd. (Halifax): Opcn-bcarlli 
Suction 0|S Plant. 

The Dbwson-Mason Gas Plant Co., Ltd. (Manchester): Gas 
Producers and Bituminous Suction Plant. 

Messrs. Crossley Bros., Ltd. (Manchester): Suction Gsb and 
Ammonia Recovery Plant. 

Messrs. Baird & Tatlock, Ltd.: Calorimeters. 

The Cambridge Scientific Instrument Co., Ltd.: Calorimeters und 
CO, Recorder. 

The Leskole Co., Ltd. (Enfield): Recording Calorimeter. 

Messrs. Sanders, Rohders & Co.: “Sarco” CO, Recorder and 
Recording Calorimeter. 

Messrs. Alexander Wright A Co.: CO, Recorder. 


Bov jo, Navul ConnEoa, 
Greexwich. 


J. S. 8. BRAMB. 



PREFACE TO TIIE SECOND EDITION 


The First Edition being out of print, it became necessary either 
to prepare a completely revised Edition, or to reprint with a minimum 
of alteration. Owing to difficulties in the printing trade at the 
present time, the latter course was deeidod upon. It has, however, 
been possiblo to include some additional rnattor and to revise certain 
statistical matter. 

Tho necessity for the conservation and better utilization of our 
fuel resources has been forced upon the nation, and reformu which 
might otherwise have been long delayed are being carriqp out. In 
no. section is this more emphasized than in the recovery of by¬ 
products from coal distillation, whore the demands of raw material 
for the production of oxplosivos made the question imperative. 

Following tho work of a Fuel Economy Committee appointed by 
tho British Association in 1916, it was announced early this year 
that a Board of Fuel Research, “ to investigate the nature, prepara¬ 
tion and utilization of fuel of all kinds,” had been appointed, and 
the establishment of a Fuel Research Laboratory on the lines advo¬ 
cated in the Preface to the First Edition will shortly be realized. 

J. S. S. B. 


September, 1017. 
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PART [ 

SOLID FULLS 

Chapter I 
INTRODUCTION 

Wrrn the exception of natural oik, the origin of which still remains 
uncertain, all*forms of fuel may he regarded as derived primarily 
from cellulose, often associated with materials of a gum or rosin 
character. During the life of a plant tho green colouring matter of 
the leaves has tho power, under tho inllucnco of sunlight, of causing 
combination between tho carbon dioxido of tho air and tho water in 
the plant to produco ultimately tho celluloso, which is the main con¬ 
stituent of woody fibre, returning to tho air tho oxygen previously 
associated with tho carbon dioxido. Tho wonderful mechanism by 
which these vital changes aro brought about is (piito unknown, but 
the final result is threefold—the amount of carbon dioxido is pre¬ 
vented from becoming excessive, which would be fatal to animal life, 
the renewal of the oxygon supplies is assured, and, what is of special 
importance since the change involves tho absorption of radiant 
energy from the sun, available hoat is stored up by the plant, which 
may be utilized aftorwards by man for the thousand and one purposes 
for which ho requires fuol. 

Cellulose, in tho form of wood; peat, where the celluloso has under¬ 
gone some slight metamorphosis ; lignite, brown coal, and finally, all 
the various kinds of coal, from highly bituminous to anthracite, 
certainly hive derived their heat ogergy by this process, and whether 
we employ these cellulose derivatives in thoir natural form or tonvert 
them into fprtns more suitable than the original for special purposes, 
SOoh as charcoal and coke, or employ them asfliquids (taj) and gases, 
W is nqw suck* general practice, we are but recovering this energy 
tID from the *!». 
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For a substanoe to be of value as a fuel it must fulfil the «&- 
ditions of igniting with comparative ease, burning freely in some 
cases with a long flaifte, in others without flame, and possessing as 
high a calorifio value as possible. From the economical point of 
view regular supplies must be available, and the cost sufficiently low. 

* Generally the proportion of hydrogen present is the determining 
factor in tho ignition point of a fuel, this being well illustrated in the 
case of charcoal, which, if carbonized below a visible red heat (340° 
G.; 044° F.) ignitos at 800° F., whilst if carhonizod at a bright red 
heat (900° C.; 1634° F) it ignites at approximately 1000° F. 

Tho ignition point of fuel oils has become a point of great 
importonoo in connection with tho Diesel engine. Here again, for 
satisfactory working, hydrogen must not fall below a certain 
minimum. 

Tho burning character will be dependent largely upon the draught 
conditions, i.t. tho rapidity with which air is supplied to the fuel, 
and frequently for perfect combustion on the temperature of this air. 
For flame to be formed a solid fuel must give off a considerable 
quantity of hydrocarbon gases, in which case combustioif is spread 
over a largo area and high intensity is not attained. Bor this latter 
effeot'a solid fuol evolving little or no gas, but burning completely 
and rapidly on the lire bars or in direct contact with the material to 
be heated is requisite. 

The calorific value is dependent upon the elements present in the 
fuel which are capable of undergoing oxidation with the production 
of heat, and for all practical purposes two elements only need be 
considered—carbon and hydrogen. If a fuel contains only these 
elements its calorific value will be the sum of their heat energies less 
any heat required to rendor them available for oxidation. In most 
fuels, however, a certain proportion of oxygen is already present, so 
that tho hydrogen and possibly the carbon to some extent are already 
in combination with oxygen. The nature of this combination is not 
known, but it is customary to assume that the oxygen is associated 
wholly with the hydrogen, the balance being referred to as available 
hydrogen. In no substance used as a fuel is the, amount of oxygen 
present more than sufficient to satisfy the hydrogen. It follows, 
therefore, that oxygen-containing fuels become proportionately poorer 
fuels as the percentage of oxygen present increases. 

In considering the value of fuel| from the economio poiht of view, 
to a l%rge extent choice is limited by proximity of supplies of a 
certain type, since freight charges are diminished and interruption of 
supply is legs likely td occur. At <Jhe time, for example,^imported 
patent fuel (c.al) from South Wales was the staple fuel ( on the 
Mexicp railways, but with the discovery of eit*fields in Mexiocf it 
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hits naturally been superseded by oil fuel. Similarly, wood has been 
displaced by oil on many foreign railways. Given alternative sup¬ 
plies of fuel of a certain suitablo kind the choico should bo governed 
largely by the heat units available per unit of cost, or tko purchase 
arranged on a basis of payment for actual heat units delivered, a 
matter that is slowly receiving the attention which its importance 
merits. 

Before proceeding to a consideration of tho various forms of fuel 
there are certain important matters relating to its combustion 
generally, which must bo doalt with briefly. 

Cimbustion.—As usually understood, combustion or burning of 
all commercial fuels is associated with chemical changes brought 
about by combination of the combustible constituents of the fuel 
with tho oxygen of the air, tho reaction developing heat and being 
easily manifest to the senses. Such a process is termed “rapid 
combustion,” but similar changes may tako plaoo at a much slower 
velocity; the boat developed per unit woight of fuel is tho same, hut 
owing torfho slowness of its production and its dissipation it is not 
always apparent. Such a process is termed “ slow combustion.” 

For the closired chemical changos to ho complete in order that 
the whole of tho heat units in tho fuel may be utilised, tlioro must bo 
no insufficiency of oxygon (or air), and from tho composition of any 
fuel tho theoretical amount of air requisite may be calculated, as is 
shown later. Incomplete combustion, result'ng not only in losses of 
heat units through causes apparent to tho eye, such as smoko, may 
also be present and escape observation, and can frequently be 
detected only by chemical analysis of tho fluo gasos. A common 
case is the production of carbon monoxido by tho incomplete com¬ 
bustion of the carbon of a fuel, which may occur under some con¬ 
ditions of boiler firing, or in the cylinders of internal combustion 
engines—notably when using petrol. 

Incomplete combustion can be avoided only by proper attention 
to the supply of sufficient air; the intimate contact of tho air with 
the fuel, either at its surface or by thorough admixture with the gases 
and vapours first evolved; lastly, by ensuring that there is no cooling 
of the system to a temperature below that necessary for the reactions 
to become complete. Smoke is tho visible indication of incomplete 
combustion, and the above principles lie at tho root of its prevention. 

Production of Flame. — Flame is produced by the combustion of 
gases and vapours, in the case of solid fuels these being volatilized by 
heat from the fuel, or by the incomplete combustion of the carbon 
whioh gives .rise to carbon monoxide, an' inflammable gas. The 
temperature resulting from'tbe combustion must be sufficiently high 
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to maintain the reaction, otherwise the flame is extinguished. (Ia 
the case of solid fuels,-like coal, the amount of flame produced will 
be dependent largely on the ratio* between the volatile combustible 
■ constituents and the carbon residue, which is non-volatile. It will be 
seen later that this ratio is highest with bituminous coals and falls to 
a minimum with anthracite.) 

(When flamo is produced, the hgat units from the fuel are gene¬ 
rated throughout probably several cubic foot of space. High local 
intensity with such fuels cannot he attained. When this is desired 
combustion must tako place as far as possible on the grate, so that a 
fuel low in volatilo constituents, such as anthracite, coke, or charcoal, 
must be employed.! 

(In general, flame is inefficient for boating purposes where there is 
a great difference between its temperature and that of the surface 
being heated, as in a boiler. This_ is due to the checking of com- 
bustionby lowering of temperature, a thin layer of gasos, which are 
poor conductors of heat, boing formed along tho surface of the plate. 

/Much depends, howovor, on the luminosity of tho flame. Owing to 

I the presenco of highly boated particles of solid carbon, to which most 
of the luminosity of all ordinary flames is due, the radiant effect from 
such-flames is fairly high, whilst with a non-hmiinous flame radiation 
is almost negligible/ 

Ignition Point.-(For active combustion to be initiated a definite 
temperature must he attainod, and for its continuation this tempera¬ 
ture at loast must ho maintained. Tho ignition point of all com¬ 
bustible substancos is no doubt at a fixed temperature, but many 
conditions influence the ease with which combustion may be started, 
mass and fineness of division being the most important. Whilst a 
given coal in a finoly dividod condition will ignite at a low tempera¬ 
ture, a lump of tho same coal will require considerable heating up 
before it takes fire, due to {lie smaller surface exposed to the air in 
proportion to mass, which carries away tho heat. 

The ignition point of solid and liquid fuels is very difficult to 
determine, bocauso so much dopends upon the conditions of the 
experiment. Coal, for example, quickly yields §moke, vapours and 
gases, and with slow heating up the ignition point found is really 
that of tho semi-coked residue. No pretension will therefore be 
made to give exact figures for the ignition points of various coals; 
at present tlioy are too unreliable to be more than an approximation. 

It may Ije stated, howovor, in general terms that ihe ignition point 
falls more or less progressively as the coal passes froth-anthracite 
to the highly lgtuminous|coals.) v 

The following- ignition points are approximately accurate for 
various coals‘ 
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3 


*•] 


Highly bituminous gas coal 

°c. 

370 • 

•F. 

700 

Ordinary bituminous coal . 

400-425 

750-800 

Welsh steam coal . . . 

470 

875 

Anthracite . 

500 

!W 


(In the case of highly volatile spirits and of gases tho ignition 
point of tho mixture with air, as employed in internal combustion 
engines, is, however, of great importance, since on this the question 
of tho pre-ignition of the chargo on compression is chiefly dependent, 
and the degroo to which compression of the charge may be safely 
carried. 

The ignition temperature of a gaseous mixture is not constant, 
although according to Dixon tho proportion of gases may vary within 
wido limits without effect;) Tho most roliahlo determinations at 
present available are thoso of Dixon and Coward ( Trails . Uhtm. Soc. 
1900, 514), whose values are given in Table I. 


TABLE I. 

lamjflON TEUPBRATrUKR OK fiunot'S MlX'llUII.H IN "C. AT 
(iKI)TNUtY I’Ul.RSUUI h. 


Gu*. 

Ill oxygen. 

In air. 

Hydrogen. 

680 590° 

580-590° 

Carbon monoxide .... 

637 G53 

644-658 

Methane. 

566 700 

650 -750 

Ethano . 

520 -r.no 

520-690 

Ethylene. 

600 519 

542 517 

Acetylene. 

•100 410 

406 440 


j It will be noted that, whilst in tho case of simple gasos like 
hydrogen and carbon monoxide, tho ignition tomporaluro variation is 
small, in the ease of hydrocarbon gasos tho temperature is uncertain 
to over 100° Cj Further, whilst there is close agreement between 
the values in oxygen and air, in othor cases there is a marked dis¬ 
crepancy. 

/jk. G. Falk U Amer. Client, floe. 1907,29,1530) determined ignition 
temperatures by instantaneous compression, which, if earned gat 
with sufficient rapidlTy, is claimed to he adiabatic. Dixo n has shown 
th at the method ig liable to error.) hut tho results are sufficiently 
valuable to merit consideration! They are shown in Table’ll., to¬ 
gether with bixon's amended figures (in brackets) where possible. 
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TABLE II. 

IcsraoK Poist of Gasecjs M ixtoef.s (Fali). 
* » * 

Ilydrogm, Oxygen, and Nitrogen Mixtures. 


Volume*. j Ignition temperature. 


Jl 2 

0. 

N, 

°c 

4 

f 

0 ‘ 

605 

2 

1 

0 

610 (536) 

2 

1 

1 

673 

0 

1 

4 

660 

1 

1 

0 

514 (530) 

1 

1 

1 

547 

1 

t 

2 

578 

1 

1 

4 

637 

1 

2 

0 

530 (520) 

l 

2 

1 

564 

1 

2 

4 

610 

1 

1 

0 

571 (607) 

Carbon Monoxide , Oxygen, 

CO 0, No 

Nitrogen Mtxturcs. 

4 

1 

0 

630 

4 

l 

1 

652 

4 

1 

2 

667 

<2 

1 

0 

600 

o 

l 

1 

645 

2 

i 

*2 

685 

1 

1 

0 

630 

1- 

1 

1 

706 

1 

1 


812 


Ifydiogcn, Carbon Monoxide, Oxygen Mixture * 

CO 0 , 1 

l a ! 6«fl 

•i a j Ri5 

a 3 j 632 

Theoretical Air for Combustion. This is a most important con¬ 
sideration, governing to a largo extent the arrangements for the 
supply of air, especially in internal combustion engines, and, further, 
enabling the theoretical composition of the flue or exhaust gases to 
bo determined, which, as will be dealt with fully later, has an im¬ 
portant hearing on fuel economy. 

Custom has established somewhat firmly the caleulatiorfof the air 
required in pounds, and weight units do not involve corrections for 
temperature, but sinco gases are moasured in cubio feet'and thought 
of in terms <4 volumcsVand not weight, it seems more reasonable to 
consider their Consumption in such units. In eitherccase tjie cal- 
oulatkjp is simple, being based on the knovyn •combining values W 
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oxygen with the individual combustible constituents, using their 
ordinary expression in the form of chqmical equations for 
convenience. . 

The following data are of great sorvice in such calculations, since 
they apply to all cases of chemical combination whore gases aro 
involved. 

At 0 ° C. and I 611 mm. At 60° ¥ anil 30 Indict 

pressure. piemure. 


The molecular weight) 
in grams always . ) 
The molecular weight ) 
in pounds always . ) 


22-32 litres 


357-5 cubic (t. 


23-52 litres 


377 cubio ft. 


Conversely, tho weight of 1 cubic foot in pounds will oqual 
molecular weight ^ Q anJ ?60 mm _ and 


357-5 

60 c F. and 30 inches. 

Further, the composition of air is- 


molec.ular weight 
377 


at 


• 

1 

Hy weight. 



Hy volume. 


| Percent. 

Ratio N/O 

Ratio air,0 

Per cent. 

_ 

Ratio N,0 

Nitrogen . . 

. I 77 

3*35 

4-;i5 

70 

4)1 

37G 

1 

Oxygen . . 

23 

1 

1 

M 1 



Full information as to tho woight and volume of both oxygen and 
air for combustion, tho products of comhustion, otc., for elementary 
fuel constituents, and tho principal constituent gases of ordinary 
gaseous fuels, will bo found in Tablo I., Appendix. An example of 
the method of calculation of those values is given below, tho instanco 
chosen being the combustion of carbon to carbon dioxide. 


Weight in ) 
grams or lbs.) 


Carbon. 

c 

12 

1 


Air. Hue Ram*. 


+ Os + (nitrogen) = CO a + (nitrogen) 
+ 32 +(107) = 44 +(107) 

+ 2-66 + (8-93) ^ = 3-66 + ( ft93) 

TTe ' 1245 ” 


Volume in litres. 

•32 + (84-0) = 22-32 + (8+0) 
•86 + ( 7 0) = 1-80 + ( 7 0) 
"--- 

8-8G litres 8-8G litre* 


At 0° C. )12 grams + 22 
and 7-SO mm.) 1 „ + ^1 


At 6ff“ F. 
and 30 in. 
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Volumt in cubic feet. I 

At 0° C. ) 12 lbs. + 357-5 + (1345) = 357-5 + (1345) 

and 760 mm.j 1 „ + ^ 298 + (112) = _ 29-8 4- (112 ) 

141-8 cu. ft. 141-8 cu. ft. 

At 60” V.) 12 lbs. + 377-0 + (1418) = 377-0 + (1418) 

and 30 in.) 1 +JIH+J118), = 31-4+ (118) 

149-4 cu. (t. 149-4 cu. ft. 


Composition of flue gases (by volume). 


C^ = ^f=21-0 


112 x 100 _ 

141-8 ~‘ JU - 


The volume (or weight) of oxygen or air for any fuel will be 
arrived at by the sum of tho volumes (or weights) required by the 
ultimate elementary constituents per lh. in the case of solid or liquid 
fuels, and in the case of gasoous fuels from the like quantities re¬ 
quired for tho soparate combustiblo gasoous constituents per cifoic 
foot of tho vvholo gas. 

Calorific Value.—The calorific value is expressed 'in terms of 
varidus units of hoat. For scientific purposes in this country the 
centigrado system forms tho basis, but most practical men prefer the 
systom based on the Fahrenheit thermometor scale, the results being 
expressed as British-Thormal Units (B.Th.U.) 

Tho calorie represents the quantity of heat nocessary to raise 
1 gram of water through T’C. A slight variation is found in the 
actual amount required for this over different temperature ranges, 
but no standard has yet boon adopted, and tho difference is generally 
neglected. 

Tho Caloric (largo calorie) of 1000 times greater than the above, 
representing the heat required to raise 1000 grains of water through 

rc. 

The British Thermal ('nil is defined as the amount of heat required 
to raiso 1 lh. of water 1° F. (from GO” to 61° F.). 

Supposo then a given unit of heat raises 1000 grams of water 
1°C.; since 1000 grams = 2-2 lbs,, and 1° C. = 1-8” F., this same 
unit of heat would raiso 1 lb. of water 2-2 x 1-8 = 3-96° F., or, stated 
otherwise, 1 Calorie (kilogram degree centigrade unit) = 3-96 Lj.Th.U.; 
conversely, 1 B.Th.U. = 0-252 kilogram degree centigrade unit. 

A fou*th nuit of bent—the pound degree centigrade uni ^ being the 
amount of beat required! to raiso 1 !{>. of water 1° C., is generally 
employed in stating tho Jalorific value of solid and liquid fuels, and 
is what is geneiafty understood by " Calorip ” in this coitntry. ’It i% 
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(elated obviously to the B.Tb.U. as are the centigrade and Fahrenheit 
thermometer degrees, namely 

Fahrenheit dogroe _ 180 _ 

Centigrade degree ~ 100 ~ 

A oonerete practical example will make this evident: 1 gram of coal 
burnt in a calorimeter raised (ho temperature of 3000 grams of water 
2'5'C. Its calorific value = 3000 x 2-5 = 7300 calories. 1 lb. of 
coal would have obviously raised 3000 lbs. of water 2 5 x l fi 
= 4-5°F., or its calorific value = 3000 x 4 5 = 13,500 B.Tb.U. The 
ealorilic values of all solid and liquid fuels referred to subsequently 
havo this ratio betweon B.Tli. U. and calories. 

It is frequently convenient to express thcso values in foot-pounds 
1 kilogram dogroo centigrade - 3087 foot-pounds 
1 pound degree centigrade MOO „ 

1 British Thermal Unit — 778 „ 

Gross and Net Calorific Values.- - Wlion a fuol containing hydrogen 
is Jwrnt water is produced invariably, and if this water is condensed 
it gives #p its latent heat as Bteam together with the heat liberated 
on cooling from its condensation point to the tomporature of the 
calorimeter. The total calorifio value, i/rotf, or higher heating value 
of a fuel is the total theoretically available heating valuo of the fuol, 
and includos the heat mentioned above. 

In many cases, however, this heat carried by tho water produced 
from hydrogen during combustion, or stored in water evaporated from 
the fuel, is not available for conversion into work. Thus, it plays no 
part in raising the flame temperature of burning gasos, or in developing 
energy in a gas engine. For all such computations it must bo elimi¬ 
nated, and the valuo after this deduction is termed tho net calorific 
value. 

No definite agreement is to bo found in tho literature on fuel as to 
whether the net value shall bo deduced simply from the latent heat 
of steam, or whethor hy deduction from tho gross of both the latent 
heat and sensible heat in cooling from 100° C. (212" F.); in the 
latter case it would be necessary to fix tho tomporature to which the 
products are finally reduced. In English practice it is usual to 
take the second course and estimato the products as cooled to 60’ F. 

In France the latent heat is alone deducted. 

The latent heat of steam being 536-5 Calories or 966 B.Th.U., the 
total deduction at .15-5’C. (60" }'.) would be 536-5 + (100 - 15 5) 

= 621 Cals.; or 966 + (212 — 60) = 1118 Bfl'h.U. In general it is 
sufficiently accurate if the deduction is takery-at the round figures of 
600 Cals, or 1080 B.Th.U. * • 

_ , Fof thermo-dynamic calculations the net value is of crest sendee 
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but its real value must not be misconstrued. The error has arisen 
that the net value is the true measure of the practical heating value 
of the fuel. Flue gases«and exhaust gasqp are seldom cooled to any¬ 
thing approaching lOO’ C. (212° F.), and must carry away not only 
the latent heat units in the uncondensed steam, but all the additional 
sensible heat units in the flue gas, which will depend primarily on 
their temperature. To quote Prof. Q. V. Boys, under practical condi¬ 
tions “ every user of gas should be equally entitled to a special net 
value to meot his requirements." The net value is a useful convention 
but is in reality an artificial figure. 

Although the net calorific value has received official recognition 
as a standard in tho case of coal gas, it is agreed generally that the 
gross value is tho propor one to take. The inability of most of our 
appliancos to convert all tho hoat units into other forms of energy is 
no logical basis for rating fuols on a value which is not their true one, 
indeed in some cases it is practicable to utilise at least a considerable 
proportion of the latent heat units. In the United States, where the 
calorific value of gas is considered rightly as of the highest importance, 
opinion is almost unanimous in favour of the gross valfce as tho 
standard. In 1906, the Association of Gorman and Austria n Engineers 
agreed that calorific values should be calculated on tho assumption 
that the whole of tho products are cooled to 100° C., with tho water 
remaining as steam. 

Whon it becomes a question of comparison between different 
samples of coal or of oil, tho net value offers so lifcllo advantage over 
the gross as to be negligible, because with coals of tho same class, 
or oils of the same character, the hydrogen content is so similar in 
different samples, that the difference between tho gross and net 
values is nearly constant. The extra labour involved in determining 
the hydrogen by the combustion process—which is the only method 
available giving tho requisite accuracy—is not commensurate with 
the gain. 

Calculation of Calorific Value.—In genoral, actual determinations 
in some form of calorimeter are preferable to calculated values; com¬ 
parison between the mothods is dealt with under Qalorimetry (p. 315), 
but the general method of calculating the values is referred to here in 
order that other points may be elucidated. 

It is assumed in practically all such calculations that the heating 
value of the constituent elements of ( the fuel is the same as the value 
for thes* same elements in the free condition, and that no heat is 
generated beyond this, hr no heat utilised in setting ffte the con¬ 
stituent elements in a lcondition for their combustion by oxygen, 
assumptions whibh certainly cannot be substantiated. • 

When carbon is burnt in oxygen wi& tlje fonnation of carbdh* 
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dioxide, the weights of material involved and the heat evolved may 
be expressed by a thtrmo-cliemkal equation, thus— 

C + 0 2 * = C0 2 ’ + 97,644 

12 gram* 32 grama 44 grama ctlortaa 

Carbon Oxygon < nrbon diuxid* 

and when hydrogen burns with the formation of wator at constant 
pressure as— 

H 2 + 0 = ]I 2 0 + 69,000 

2 grama 16 grams Is gram* <al<»rlen 

Hydrogen Oxygen Watt r U-imdeuMNl) 

Water HH(ateaiii) "f 5B,100 

It follows that 1 gram of carbon gives 8,1:)7 cals. (14,646 B.Th.U.), 
and 1 gram of hydrogen 34,000 cals. (02,100 B.Th.U.), if tho stoam 
produced is condonsed to wator at 0' O.; it the steam remuins as such 
at 100’ C„ 29,050 cals. (52,290 B.Th.U.). 

The calculated ealorilic valuo (gross) of any fuol containing only 
these two elements will he found from tho oquatiou — 

(Uaibqjr % X 8137) + (Hydrogen _"'x 31,500) = (gr08B) 

A large number of fuels already contain oxygon, and therefore a 
smaller quantity of this gas will he required for thoir consumption, 
and the heat produced will ho proportionately less. The assumption 
is made that any oxygen present is already wholly in combination 
with hydrogon ; again, this is cortainly not tho case, but since nothing 
is definitely known as to tho actual distribution of oxygon between 
the hydrogen and other elements presont, it affords the only possible 
working hypothesis. Sitico it is known that in water 8 parts by 
weight of oxygen aro combined with 1 part of hydrogon, it is cus¬ 
tomary to deduct from the total hydrogen an amount equal to ono- 
eighth of tho oxygon present, calling tho remainder the availahle 
hydrogen. The formula thus becomes— 

Calories (gross) per gram = 


(C% x 8137) + j(n - °) X 34,500j 


In the most complete form, such as may bo applied to coals, the 
following extended formula is employed:— 

Calories 

(0 x*8137)+[(!- (0+ ”' 1 lx 34,50o|+(S x 2220)-(H 2 O x 600) 


Here a fixed deduction of f per cent, iy made for the nitrogen 
presept in the fuel, this being regarded as* a fair average, although 
Somewhat low fer Eijglisfi coals; sulphur, in the form of pyrites, is 
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regarded as furnishing heat, and an approximate deduotion is made 
for tho evaporation of the moisture presont in tho fuel. 

In tho case of gaseous fuels the calorific value must not be calcu¬ 
lated from the olementary constituents, but from tho sum of the 
calorific values of tho constituent gases themselves, tho values for 
which are woll established, and are given in Table I., Appondix. 

With gaseous fuols tho results calculated from the values for 
the constituent gases at constant volumo are found to lie in good 
agreement with determinations made in calorimeters of the usual 
pattern—Junkers, Boys, etc. 

Tn tho case of gaseous fuols it is important to noto that tho 
calorific value is higher whon burnt at constant pressure than it is 
at constant volume, for oxample, in cases where tho final products 
occupy a loss volume than tho original, n.ij. with hydrogen, where the 
steam occupies two-thirds of tho former volumo, and may ultimately 
condense to a nogligiblo volumo. In tho case of actual determina¬ 
tions of calorific values of Bolid and liijuid fuols in a bomb calorimeter, 
tho difference is negligible. * 

Calorific Intensity. Whilst any given fuel is capable of develop¬ 
ing on combustion a givon number of boat units, tho acthal tempera¬ 
ture attained by tho combustion will dopend not only on tho calorific 
value but on a number of other conditions—the woightof the produots 
of combustion and of any oxcess air, thoir specific hoat and tho heat 
losses which tako place. Assuming that tho wholo of the heat is 
utilized without loss in raising tho temperature of tho products, then 
it is possible to calculate tho maximum theoretical temperature attain¬ 
able. Such a figure is probably some distance from the truth, for 
aoourate knowledge of tho actual variation in specific heat of gases 
with riso of temperature is wanting. Again, the temperature can 
never bo attained in practico, for it is seldom possiblo to burn a fuel 
without excess air, and it is, ccrtaiuly impossible to avoid big heat 
losses. 

Certain practical considerations however arise. Imagine a fuel 
is burning under a boiler, and a steady temperature has been attained, 
that is, tho hoat production and losses have reached a certain equili¬ 
brium. Increase of tho rate of combustion by increasing the draught 
will not raise tho amount of heat given out per pound of fuel, but 
the production of hoat increases proportionately much faster than 
the loss of heat, consequently a highor calorific intensity is Ittained. 
Again, ttyi uso of excessive air for combustion wilf greatly lower the 
temperature. The effeetJof inert gasits, or largo excess oftiir, may be 
well illustrated with approximate Inures for the combustion of 
hydrogen. \V*th#the theoretical volumo of pure oxygen the t theo-. 
retical attainable temperature is over 6000® C. (say Id,000° F.); witB 
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the theoretical volume of air 2300’ 0.; with twice the theoretical air 
1400° C. 

In the case of regonoratiye furnaces, whore the wasto heat from 
tho gaseous products is utilized for heating up the air required for 
combustion (with the poorer gaseous fuels tho fuel is boated also) it 
will bo seen how greatly this must add to the calorific intensity of 
the reaction; indeod, tho success of such low calorific value fuels 
as “ producer gases ” is dependent entirely on this possibility of 
increasing tho intensity by regeneration. For example, the theoretical 
temperature for tho combustion of carbon monoxide with twico its 
volume of air, both gasos supplied at ordinary temperatures, is less 
than 1600’ O., but if by regeneration the initial temperature of the 
combustible gas and the air is 600' C., then a temperaturo of a little 
over 2000° O. is theoretically attainable. 

Exothermic and Endothermic Compounds.—If the simplest of 
the formula) on p. 11, that for a fuel containing carbon and hydrogen 
alone, bo applied to tho two gases, methane or marsh gas (CII 4 ) and 
acetylene, (C..1L,), it is found that in tho case of mothano tho calcu¬ 
lated valuo is much higher than that found by a calorimeter, whilst 
in the lattor caso it is considerably lower. Some of the heat is 
expended in breaking down the methane before combustion ; in the 
case of acetylene, surplus heat is actually noted. 

The explanation is to he found in the conditions attending the 
formation of tho two gases. When methane is formed from its 
elements, carbon and hydrogen, heat is evolvod, and to separate 
these elements again and enable them to enter into fresh combination 
with oxygen during the combustion, as much heat must bo expended 
as was given out originally. Compounds which evolve heat on 
formation are termed exothermic. Acetylene, conversely, absorbs 
heat on formation ; this heat is evolvod on decomposition, and adds 
to the heat generated by the combustion of its conslitutent elements. 
Compounds whose formation demands boat are tormed endothermic. 

It follows that all formula) for calculating calorific valuos must 
fail unless the heat of formation of the fuel is either only slightly 
positive or negative. Such formula) apply fairly well to most coals, 
simply because coal is very slightly endothermic, its endothermic 
character increasing with the amount of oxygen present. In the 
case of gaseous fuels, where the heat of formation of the constituent 
gases may bo eithep markedly positive or negative, calculation from 
elementary composition will obviously give nysleading resulted 

Evaporative Values.—It is common practice to state the thermal 
value of a ftjpl in terms of its power of evaporating water from a 
temperature of 10Q’ C. (212' F.) into steam at the same temperature. 
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Calories (or B.Th.U.) 

The evaporative value will therefore equal atent 'heat "oF steam' 
In oalories per gram the denominator wjll be 536 5; in B.Th.U. per 
lb. 966. 

The latont boat of steam (or Jatont heat of vaporization) falls 
* with increase of temperature (i.e. higher boiler pressures). According 
to Beguault, up to 230'’ C. (404 lb§. absolute pressure), it equals 
606’5 — 0’G95 I, whore t equals the boiling temperature. The impor¬ 
tant point, however, in practice is the total amount of heat in steam 
at a given temperature. This obviously will be the sum of the latent 
heat of vaporization and heat required to raise the water from feed 
temperature to its lioiling-point. According to Regnault, the feod 
being 0° C. (32° B',), the value for tho total heat up to 230° C. is equal 
to 60G’5 + 0-305/ calories. From this value tho tomperaturo of tho 
feed water must be deducted. The value in B.Th.U. will be 1’8 
times as groat. 

As an oxample, a boiler is worked at 115 lbs. absolute pressure; 
the feed water is at 15-5° C. (GO' 5 F.). At this pressure the water 
boils at 170° C. (338 J F.). The total heat equals 606-5 -f- (0-505 x 170) 
= 658 cals, or 1184 B.Th.U. The heat required to convert 1 kilo¬ 
gram of wator to stoam under those conditions will bo 658 — 15’5 
=632-5 cals., or lib. of wator 1138B.Th.U. If the coal has acalorific 
value of 7500 calories (13,500 B.Th.U.), tho theoretical evaporative 

power will be oi = 11-8 lbs. 

Limits of Combustion.—Mixtures of combustible gases or vapours 
with air are capable of burning only within fairly well-defined limits. 
Quoting from an admirable paper by Burgess and Wheeler (Trans. 
Chem. Hoc. 1911, 2013)—" To ensure propagation of flame, it is 
necessary (1) that the initial source of heat should be of a volume, 
intensity and duration sufficient to raise tho layer of gases in its im¬ 
mediate vicinity to a temporature higher than, or as high as, the 
ignition temperature of the mixture; and (2) that the heat contained 
in the products of combustion of this first layer should be sufficient 
to raise the adjacent layer to its ignition temperature.” 

“Thb Smallest Quantity op any Combustible Gab which, 

WHEN MIXED WITII A tilVEN QUANTITY OP AlB OB O.XYQEN, WILL 
ENABLE THIS SeLP PbOI'AGATION OP FLAME TO TAKE BLACK, IS 
TKBIIKD THE LoWEB LlMlT OP INFLAMMATION OP THE GAS." 

A “ lower [unit mixtire " is one mch that a given vblume must, 
under tho conditions of jjts comhustiob, evolve just sufficient heat to 
raise an equal volume to its ignition temperature. Tb#re are three 
factors^ which determine this— (1) the calbrifi^ power of the gas, (J)» 
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the relative volume and specific heat of the diluent gases, (3) the 
ignition temperature of the mixture. 

The results obtained by H. Bitnto (1901) for tho oxplosivo 
mixtures of tho commonor gaseous fuol constituents and for vapours 
are given in Table III. The limits vary somowhnt with the shape and 
size of the vessel, being extended in wider vessels, and with the 
method of ignition. Further, more dilute mixtures can be exploded 
under pressure. Bunte's experiments were oarriod out iu a tube 19 
mm. ( j inch) diametor over water, tho mixture boing fired by a 
spark. 

TABLE nr. 


Explosive Limits for Mixturf.s of Comufstible Gases and Vapours with 
Am AT Ordinary 1’kkkkfrfs (If. Buutc). 
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Upper limit 

GG-4 

74-95 

12*8 

1 Hi 

52-3 

i-y 

0*5 

7-7 

1365 

6G-75 

19% 

Lower limit • 

i 

9'45 

16*50 

G-l 

41 

3*35 

2-4 

205 

2-75 

3-'J5 

12-4 

7-9% 


More recent determinations of the lower limit for saturated 
hydrocarbons are those of "Wheelor and Burgess (/or. eit.), which are 
as follows:— 

Lower Limits determined. 


Methane.5-5 - 5-7 per cent. 

Ethane.3 0 - 3-2 

Propane.215 - 2'30 „ 

nButane.1G0 - 1'70 „ 

tiPentane.135 - 140 „ 

isoPentano.1‘30 - 135 „ 


According to Dr. Eitner, the lower limit for acetylene is 2-5 
per cent. 

Velocity of Flame Propagation in an Explosive Mixture.—This is 
an important factor in relation to the possible maximum speed of an 
internal combustion engine, and in determining whether combustion 
is completed during the outward stroke of 'Ihe piston. Laboratory 
experiments carried out at ordinary pressure by tho usual method of 
passing the explosive mixture through a tube at such a velocity that 
•the flame just faib to strike back are of little value in this connection. 
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Unfortunately, few data by other methods are to be found, add 
hardly any experiments with commercial gases and vapours at 
ordinary pressures are recorded. Hopkiijson, with air-coal gas mix¬ 
tures of 12/1 and 9/1 in a closed vossel at ordinary pressures, came 
to the conclusion that even in the weakest mixtures combustion once 
started is almost instantaneously complete. Besults at higher pres¬ 
sures for commercial gasos, etc., are greatly wanted. 

Mallard and Le Chatelior, by the open tube, obtained the follow¬ 
ing velocities for hydrogon and air:— 

Per cent, hydrogon . . 20 25 30 35 40 50 67 

Volume of air to 1 volumo 

of hydrogen .... 4 3 2-33 1-86 1-5 1 0-5 

Velocity, feet per second G’5G 9’2 1M 12-4 14-3 12-3 7’55 

The theoretical mixture tor perfect combustion would contain 
29-6 per cent, of hydrogon. The maximum rato, howovor, occurs at 
about 40 per cont. 

Michelson dotonnined the following rates for mixtures of carBbn 
monoxide and oxygon 

Percent, carbon 

monoxide. . 25 30 35 40 45 00 GO 70 80 

Velooity, ft. per 

second 0-98 131 161 1-90 216 210 2 72 2 98 2-79 



Chapter II 


WOOD, PEAT, AND MINOR SOLID FUELS 



Classification of Fuels. —Facia aro employed in the solid, liquid and 
gaseous condition. Tho solid fuels aro essentially naturally occur¬ 
ring materials, principally wood, peat, and coal, although for special 
purposes they are carbonized for tho production of charcoal and coke. 
Liquid fuei9 are mostly direct natural products, such as the petroleum 
oils, but considerable quantities aro obtained as tho result of de¬ 
structive distillation of solid fuels (tars, etc.); whilst gaseous fuels 
occur naturally only to a very limited extent (natural gas), hut are 
mainly tho result of destructive distillation of solid fuels (coal gas, 
coke oven gas) or liquid fuels (oil gas), or tho rosull of the incom¬ 
plete combustion of solid fuels in gas producers either by an air blast 
(producer gas), steam__(waU;c.gas), or.a combination.of air and-steanr- 
(Dowspn or semi-water gas). 

Solid Fuels. —Tho chief solid fuels are as follows: — 


Wood . . . = Wood charcoal 

( Peat charcoal 

eat ... . — ^ Briquotlos 

Lignites and coal = [ fu „, 3 _ 

In addition to tho above important solid fuels, large amounts of 
various waste materials are frequently available in cortain industries 
—spent tan, bagasse (the residue of canes after sugar extraction), 
Nile sud, cokernut and other nut shells, etc. 


Wood 

OomposTtion and .Thermal Value of Wood.-f The. abaodance of 
wood throughout man’s existence, its comparatively rapid growtfc and 
reproduction, and the ease of obt'/ning supplies, naturally made it 
3B0 of the earliest and most generally used of all fuel*. At tho 
Resent it is only of importance as a fuel in countries where large 
abound. 
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The combustible portion of all wood consists mainly of a form of 
cellulose (lignin), which has the empirical composition ;i(C 6 H 10 O 5 ), 
containing— * , 


’%C 




(Carbon. 44-44 per cent. 

s Hydrogon.617 „ „ 

[ Oxygon.. . . 49-39 „ „ 

,k In many woods, more particularly the coniferous, considerable 
quantities of resinous substancos of much higher calorific value than 
lignin are found. It will be notod that in cellulose the hydrogen and 
oxygon aro present in the proportions existing in water—in other 
words, as far as calorific effect is concerned the hydrogen is negli¬ 
gible, and tho heating value is dependent on the carbon and any 
resinous constituents present. The average calorific value of 
celluloso is 4150 calories (7500 B.Th.U.). 

Tho averago composition and thermal value of dry wood is given 
in Table IV. 


TABLE IV. 


CoMrosn ion an n Calorific Vai.uk op Dry Wood (Oottlieb). 



Cat bon. 

Hydrogen. 

Oxygen. 

Ash. 

Calories 
per kilo. 

B.Th.U. 
per lb. 

Ash. 

49-18 

C-27 

43-91 

0-57 

4710 

8480 

Beech . 

490G 

0-11 

4417 

0-57 

4774 

8591 


48-89 

G-20 

44-25 

0-50 

4728 

8510 

Oak. 

50-1G 

G-02 

43-3G 

0 37 

4020 

8316 

Fir. 

50-30 

6*92 

43-39 

0-28 

5035 

90G9 

Pino. 

50-31 

G-20 

4308 

037 

5085 

9153 


In general, woods containing much resinous matter, as with fir, 
pine, etc., exhibit a highpr calorific value, a pine knot examined by 
Slossou giving about 0005 oalories (10,860 B.Th.U.). 

Perfectly dry wood, therefore, is but a poor fuel from the point 
of view of thermal value, but in practice the best attainable con¬ 
dition is that resulting from prolonged air-drying. When freshly cut 
the moisture in different woods varies throughout a wide range, from 
26 per cent, in willow to over 50 per oont. in poplar. Great variation 
is also found in tho same wood at different seasons and in different 
parts of the plant. By proper air-drying the range of moisture 
oontent is reduced, sp that it lies usually between 15 and 20 per cent. 
Low is is the calorific value of perfectly dry wood, it is apparent 
that the value is still f irthor reduced by the presenoe df this residual 
moisture, , 

Under the Inost favourable conditions wood will of low value 
as a fuel, for (1) only some 8Q per cent, is actual combustible; (2)<th& 
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n.j WOOD AND WOOD CHARCOAL 

cal&ifio valne of this combustible is low; (3) the large amount of 
moisture present demands much of the available heat for its vapor¬ 
ization. On the other hand, wood is easy to ignite, and is for that 
reason employed largely to kindlo less easily ignited fuels ; it can be 
burned completly without difficulty, and contains but little ash, 
seldom exceeding 1 per cent, on I ho air-dried material. Tho com¬ 
position of the ash is vory variable, Imt since tho amount is so small 
it is a factor of such minor importance from tho fuel point of view 
that its further consideration is unnecessary. 

Wood Charcoal.-fAVood charcoal is obtained by tho destructive 
distillation of wood which, if carried to completion, leaves a residue 
retaining tho original shape and structure of the wood, and which 
consists almost entirely of carlxm. With lower tomperatures tho 
distillation is less complete, and combined hydrogen and oxygon are 
left to a greater or loss extent, in the mass. 

By carbonization there is necessarily a largo _loss of heat uiiitsjn 
the liquid and gaseous products, and (lie yield oj solid fueL is very 
low. Although wood contains from_49 to SO per cent, of caribon, 
under thojmopt Cjconomical conditions of carbonizing in retorts 
27 per cent, is the highest attainable yjnhh) Wasteful as tho process 
usually is, unless careful attention is paid to utilization of tho liquid 
tars, etc., certain great advantages result. ^"Sinco tho useless con¬ 
stituents of tho wood, the combined hydrogen and oxygen, aro mostly 
removed, the charcoal has a high calorific vaiuo, 11,000 to 13,500 
B.Tli. U., anil owing to its porosity and combustion without flamo it 
has high calorific intensity. Since concentration results tho ash will 
be considerably higher than in the original wood. 

Charcoal was formerly a metallurgical fuel of great importance, 
and the production at one time was so largo as to cause complete 
denudation of forests, so that restrictive legislation on tho output was 
imposed. 

The introduction of coko and raw coal for iron smelting has 
displaced charcoal entirely from its position of importanco, and now 
its use is confined almost wholly to certain metallurgical operations 
where great purity of fuel is desired, for owing to tho low minoral 
content and freedom from sulphur, phosphorus, etc., charcoal has 
great advantages. \ 

* Production or Charcoal.—This was at one time carried out 
entirely by restricted combustion in heaps, a portion of the fraod 
furnishing the iecessary heat for thfe carbonization of the remainder. 
This process is necessarily wasteful, the yield seldom .exceeding 
16 per cept., and at present it is confined to countrio? where waste 
considered or wher% deforestation is a desired object. If ^be 
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i wood had a calorific value (dry) of 8500 B.Th.U., the yield of 
charooal was 20 per cent,, and of tlio iiighost calorific value, 13,000 
B.Th.U., tho actual "percentage of heat units in the product would 
be about 30. 

• Tho production of charcoal by dry distillation of wood in closed 

( retorts externally heated enables valuable by-products to be recovered. 
Where charcoal reproduction is tho primary object the distillation is 
earned out at a high temperature,, and the liquid distillate is wood 
erbosoto, which, owing to its great preservative value, is employed 
largely for croosoting timber. 

Distillation of wood, however, is now largoly practised, more 
(particularly for tho valuahlo liquid products, and charcoal is the 
\ by-product. In order not to impair tho value of these products tho 
temperature employed is lower than for complete carbonization. In 
recent practico oil-heated retorts arc used with an initial temperature 
of 200° O. (392° F.) and finishing temperature 330-340° C. (625° I 1 .). 
The yield of tho various products per cord of wood (4000 lbs.) is— 

Best turpentine.40 galicyis * 

Light oils.1G 

, Heavy oils.128 

Charcoal. 950 lbs. 

(T. W. Pritchard, J. S. O. I. 1912, 41H). 

In addition to tho liquid products of distillation large volumes of 
gases aro also evolved during tho process. Lawrence ( J. S. C. I. 
1911, 728) gives the following analysis of such gases:— 

Iloavy hydrocarbons.81G per cent. 

Methane.12-32 

Carbon dioxido.31-45 

Carbon monoxide.35-08 

Hydrogen ..10-94 

Nitrogen.2-05 

1 Charcoal obtained as a by-product is not of high quality; the 
wood is selectod as far as possible to give the most valuable dis¬ 
tillates aud not for tho production of charcoal primarily, and further 
the low lomperatures employed do not permit of complete 
carbonization. 

It is of interest to note that the destructive distillation of wood 
involves a strong exothermic reaction which, according *to Fawsitt 
and Slason, sets in irt 275° C. Hornsey estimates that 12 per cent, 
of the heat of combustion of the f^ood thus becomes available for the 
distillation, process. 

In many \ffood-producing countries very large quantities^ other- 
wisp waste wood are available for tiffeatqient for by-products 
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chalcoal, and the large extent of this industry in the United States is 
shown by Table V. 

TAlri.K V. 


Products fbom Wood Distillation (from United Stake Returns i'.fOfl). 


If.ini wmmIn 

(Iffili, I’lfth, niHjilt). Svfl woods (iliit fly long-letft-d |*>ae). 


Cords, carbouized . . . 1,111),817 

Charcoal—bushels . . . $8,075,102 

Crude alcohol, gallons . . 8,108,087 

Gray acetate, lh«. . . . 118,709,179 

Brown acetate, lbs. . . . 2,150.907 

Iron acetate, lbs. 302,021 

Oils, gallons ..... 37,995 


115,310 
2,103.10 J 

G82,702i turpentine 

1,850 gallons pyroligneous acid 


323,220 

1,304,981 gallons tar 


(For Utilization of Waste Wood, Geo. Walker, S. C. 1. 1911, 934, and Pro¬ 
ducts from Hard Woods, Hawley and Palmer, 1912, Sf>6). 


Composition and Properties of Charcoal.-—If distillation is carried 
out to the highest, extont tho products should bo simply carbon and 
asb. Jolmrcoal, howovor, has enormous absorptive powers for gas and 
is fairly hygroscopic. After exposuro to air, even when fully carbo¬ 
nized, it conttyns much occluded gas and moisture, up to 8 or 9 per 
cent. If incompletely carbonized, it retains in combination hydrogen 
(2 to 3 per cent.) and oxygon (12 to H per cent.). 

If charred at quilo low temperatures rod charcoal (rotlikdlo, 
ebarbon roux) is obtained, and this contains actually a higher per¬ 
centage of combustiblo than the high temperature product. 

I’rat 


Importance of Peat. —Enormous quantities of poal are available 
for fuel purposes, but owing to tho situation of tho bogs in sparsoly 
populated districts, difficulties in removal of tho excessive water, to 
its low density and low calorific value, its utilization has boon only 
on a small scale. Modorn mothods of treatment arc, howovor, being 
successfully exploited, and give every promise of producing a useful 
fuel, cheap power gas, and valuable by-products. By the utilization 
of the gas in gas-engines, and the distribution of the eleotrio energy 
so generated, these outlying poat-producing districts are likely to play 
an important part in our fuel economy. Even without the stimulus 
of deoreasing supplies of othor fuels at present, the problem of using 
these vast fuel resources is being attacked by many skilled scientists, 
and their work ( has already passed the experimental and realisSd the 
commercial stage. 

In Europe the peat area is estimated at 140 milliog awes, whilst 
in Great Britauf and Ireland t^iere are approximately 2 million acres; 
iu£lreland alone,Fnfck estimates the available peat as equal to 9600 
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million tons of coal. Of the Colonies, Canada is possessed of sflmo 
80 million acres. Nbw that the difficulty of the economic application 
of theso huge fuel resW'cos appears toihave beon successfully solved, 
it is out of tho quostion that they should remain unproductive any 
Ipngcr, and active stops are being taken for their utilization. Peat, 
then, from its practically negligible position as a fuel in the past, 
must now be regarded as tho most likoly of all fuols to assume an 
importance second only to coal, eorlainly in countries not fortunate 
in "having coal or oil supplios. 

Formation of Peat. - Peat consists of partially docomposod vege¬ 
table mattor, the rosult of luxuriant growth of lower forms of plant 
life, mostly mossos, under such favourable conditions as moisture 
and touiperato climalo. While tho lower part of tho stem dios off 
the upper part continues its growth, so that in tho courso of time 
a thick doposit results; as the under portions becomo buried doepor 
and doeper in tho swamp decomposition through bactorial and othor 
agencies progresses. Tho rosult is that whilst tho uppor parts pf tho 
hod are a malted, water-saturated spongo, tho lowor potions have 
largoly lost their vegetable characteristics, and havo fyocome a semi¬ 
solid brown to black mass, in which greatly disintogratod vegetable 
structure is visible under tho microscope. 

When sufficiently felted together the upper parts are cut into 
blocks, air-driod and usod for fuol. At greator depths tho material 
is romovod by suilablo mochanical means, elevators, grabs, etc., then 
usually pressed and cut into suitable blocks. Tho lowor slimy 
portions may ho pumped from tho bog, spread on tho land to dry, 
to be afterwards troatod in gas-producors or carbonized by such a 
process us tho Ekenborg. 

Moisture in Peat.—A well-drained bog may yield peat still con¬ 
taining from 81 to 'JO per -cent, of wator, with an average of 87'5 
(Ekonborg); in othor words, for overy ton of peat substance 7 tons of 
water aro present. Tho amount largoly depends upon the depth at 
which the sample is taken ; from an English bog tho author obtained 
75 per cent, from tho upper layers, and 90 per cent, from the bottom. 

Whon air-dried tho amount of wator remaining will depend 
largely on climatic conditions and season. The drier air of Germany 
will obviously permit of hotter drying than tho warm moist climate 
of Ireland, According to Saukey, with six weeks' air-dryihg on peat 
origintilly containing 90 per cent, of moisture, the moisture in summer 
averages 24 per corn., in spring or autumn 46 per* cent., and in 
winter 80 jaer cent. Attempts to further dry by heat prove un¬ 
successful, as The expenditure of fuel required mor&jthau counter¬ 
balances the enhanced value of the dnetUnrodaot. Further, it ia 
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impossible to press out from bog peat any appreciable quantity of 
water, because, as Ekenborg has shown, there is present a hydro- 
cellulose which, although snjall in amount, iS of such a jelly-liko 
slimy character that it almost immediately blocks the pores of any 
filtering material employed. In the moro folteil portions tho water 
is held much as in a sponge, and may bo removed largely by pressing. 

Composition of Dry Peat.—Tho composition of tho puro peat 
substance, i.r. with wator and ash eliminated, varies over only a 
moderate range. Tho following data are mainly from analyses by 
Bunte on Bohemian peats, and for British by tho author. There is 
quite closo agreement hotwoon tho results in each caso — 


Limit A wag*. 

Carbon.5(1 - (53 575 

Hydrogen.0-7 •- (Ml 01 

Sulphur.0 0 - 10 

Nitrogon. 10 -2 7 

Oxygen.ill - 38 31!) 


The ash if! peat is a very variable quantity. K is exceptional to find 
loss than 3 p%r cent., but not uncommon for ovor 10 per cent, to ho 
present. Tho lower layors will contain usually high ash as compared 
with tho felted poat. 

In view of tho production of ammonium sulphato in tho gasifica¬ 
tion of peat, nitrogen is of greater importance than the other olomonts. 
The distribution of nitrogon in tho hog scorns variable. Whilst in a 
few cases tho upper portions contain tho highest percentage, in 
general it seems to occur in greater amount in tho soft bottom 
portions. 

Calorific Value of Peat.—On the air-driod peat this will bo natu¬ 
rally a very variable factor for tho samo peat, owing to moisture varia¬ 
tion under different conditions. For air-dried peat, 25 per cont. of 
moisture, Ekenberg takos an avorago of 3450 calories (0230 B.Th.U.). 

Andersson and Dillner (/. S. O. I. 1902, 459) give the following 
for dry peats:— 

Averago from bog . 4490 cals. (8100 B.Th.U.) to 6140 cals. (11,000 1 

B.Th.U.) 

Heed grass peat . 4140 cals. (7450 B.Th.U.) to 5460 cals. (9820 

B.Th.U.) 

Mud peat*. . . . 4360 cals. (7825 B.Th.U.) to 4560 cals. (8200 

I BsTh.U.) 

The average of three samples from the Bog of Allen (Gray) gave 
4790 cals. (8620 B.Th.U.). 

1 I^oertllnly exceptionally Ugh. 
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The calorific value ot the pure peat substance by various observers 
who use some form of bomb calorimeter ranges between 5280 oals. 
(9500 B.Th. U.) and 5900 cals. (10,600 J.Th. U.). With British peats 
tho writer 1ms never found one exceeding 5525 cals. (9950 B.Th.U). 

. Use of Peat as a Fuel.—The methods may bo classified as— 

1. Direct burning of air-dried peat or driod peat powder. 

2. Conversion into peat charcoal. 

3. Briquetting after somi-carbonization (Ekenberg process). 

4. (iasifying, with ammonia recovery. 

Owing to tho low density of air-dried peat (which of course varies 
very greatly between the turf-like typo and soft bog peat) and its low 
calorific valuo, untreated peat has nevor beon, and is never likely to 
prove, a commercial fuol. Successful results have been obtained in 
tho use of dry peat powdor for steam raising in Sweden, injection by 
air boated to 200’’ l' 1 . being employed. From 1-2 to 1-4 lbs. of dry 
peat woro oquivalont to 1 lb. of coal, tho relative cost per ton being 
statod as 16/0 and 9/4, but somo coal is required when starting up. 
This method seams unlikely to find wide application. , 

Peat Charcoal.—Owing to tho nature of tho original groat, oharcoal 
obtained from it by ordinary processes has little eohcrcncoand is very 
bulky. As so much peat contains a high percentage of ash, which, 
moroover, is frequently very fusible, such raw material is inadmissible 
for carbonization, Good peat charcoal, howover, has a high calorific 
valuo, and that made by the Ziegler method is hard and dense. 

Block peat has been carbonised in many districts in heaps, much 
as with charcoal burning, and also by retort processes with utilization 
of tho wasto gases for boating. Tho most recent plant on this system 
is tho Ziogler ((1) O. K. Zwingenbergor, A hnj. and Min. Jvurn. 1907, 
83,143; (2) Sankoy, Uril. Assoc. Sept., 1906) which is being worked 
on a largo scale in Germany and ltussia. Air-dried peat is further 
driod down to 25 per cent, moisture by heat from wasto gases, and 
then completely or half-coked in specially constructed retorts 
(Engineering, November 15, 1907). The following are the yields and 
composition given by tho process:— 


Peat coko, 33 %. Semi-coke, 45-50 %. 
Tar, 4-5 %. Tar, 2 %. 

Carbon. 86-88% 74% _ 

Hydrogen. 20 t 36 

OSygou . . . K . . 5-2-55 145 

Sulphur. V3 0 -< 2 


Calorific value . . . 14,500 B.ThJU. 12,400 B.Th.U. 

*’ .. 

Tho by-products are of considerable'■importance, and the yieM^ 
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lot a plant working 35,000 ton s of air-driod peat per annum are given 
from two sources: (1) Zwingenberger, Eng. and Min. Juurn. 1907, 83, 
143; and (2) Captaiu Sankqy, Brit. Astoc. September, 1908, from 
actual results at Bouorberg, Munich. 

36,000 tons air-dried peat give— 


Peat coke. 

0) 

11,055 tons 

(2) 

13,800 tons 

Ammonium sulphato . . 

. HO „ 

1S1 „ 

Calcium acetate .... 

. 210 „ 

270 „ 

Methyl alcohol .... 

. 70 „ 

92 „ 

Oils, heavy and light . . 

. 1210 „ 

13H0» , 

Paraffin, solid .... 

. 117 „ 

230 „ 


1 Assuming average gravity oi 0-BS. 


The charcoal has proved of value for carburizing armour plate, 
and tho semi-coked peat has boon tried as fuel in tho Gorman Navy; 
but although no data can bo quoted as to its density, such fuol is 
unlikely, however carbonized, to provo sufficiently dense to be a 
useful bunker fuol. 

Ekenberg’System of Wet Carbonizing. -This procoss undoubtedly 
gives by far tho best results for tho utilization of peat in a solid form, 
and in combination with a system of gasification gives every promise 
of rendering available for fuol and power purposes tho vory large 
deposits of peat in this and other countries. A largo plant on these 
linos is already in operation near Dumfrios. 

The groat advantages of tho process aro that tho water can be 
removed by a far smaller expenditure of fuel than by other processes, 
that briquette blocks of a density but slightly lower than that of coal 
aro obtained, and that tho fuel is of good calorific value. The writer 
found that when blocks averaging -1' x 2J x i inches were closoly 
packod the weight por cubic foot was 77 lbs., equal to 30 cubic feet 
per ton, whilst the storage value of coal will approximate to 46 cubio 
feot por ton. Taking tho average calorific value of tho dry peat blocks 
as 11,000 B.Th.U., and of dry coal as 12,500 B.Th.U., the ratio of 
calorific value per cubic foot of stowage is as 1'3 to 1. 

Ekenborg claimed that tho prossod material contained only from 
8 to 14 por cent, of tho original water; but this appears to ho a low 
estimate and certainly unlikely to be attained in practice, the pressed 
peat on &e large scale seldom containing less than 60 per cent, of 
moisture. The estimated fuol expenditure, pleasured in terms of 
calorific valul, for the carbonizing process was equal to 15 per cent, 
of the dry peat substance, whilst an additional 16 per cent, was 
requisites for*the artificial drying of the pressed fbaterial, whioh, 
.together with the, briquettifig power, made a total demand equal to 
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37 per cent, of the heat units calculated on the original dry peat. By 
utilization of sensible-heat from the outflowing hot peat for warming 
the ingoing peat sludges saving is possible; and further, where worked 
in conjunction with gas producers, there will always be a considerable 
amount of otherwise waste heat, which may be profitably employed 
for artificial drying; but, as Ekenberg himself realized, the fuel con¬ 
sumption involved will be too high for successful commercial results 
without some system of by-product recovery, that is, by utilization of 
his process in conjunction with gasification of a portion of the output, 
45 per cont. of tho total output boing requisite with ammonia recovery 
to furnish tho power nccossnry lor oporating tho plant, heating tho 
pulp in tho oarhonizer, etc. 

The liken berg Process. —The wet peat is passod through a dis¬ 
integrating machine, and tho pulp forced by a sludge pump through 
the carbonizer at a pressure of from 200 to 300 lbs. per square inch, 
in some casos oven moro water boing added. The tubos aro double, 
tho pulp passing first through tho outer space and back in the referee 
direction through tho inner tubo, which is gearod for moihanically 
rotating. About ono-half of the wholo length of tho tubo is heated by 
gas firing, so that the in-going raw peat is warmed up by the out¬ 
flowing carbonized peat, the raw poat boing thus considerably heated 
before actually passing into the portion of tho tubos situated in the 
heater propor. Undoubtedly tho strong oxothermio reaction already 
mentioned when discussing the production of wood charcoal (p. 20) 
plays an important part in tho economy of tho process. In the oarly 
battery 52 tubos wore employed, capablo of dealing with 180 tons 
raw peat in 24 hours. 

The carbonized sludge is now filter-prossed, and tho cakes may 
be employed directly in gas producers. If briquettes are to be made, 
tho cubes are further disintegrated, partially dried by waste heat, and 
finally on bands through a Suitablo drier from Which the material, 
now containing about 5 per cent, of water, passes to an ordinary 
briquetting press, such as is largely employed on the Continent for 
making lignite briquettes. Paraffin-like bodies are developed during 
the process, which serve as an efficient binding material in the press, 
no other binding agent being required. 

Ossification of Peat.—The working conditions for wet peat con¬ 
taining as much as 60 per cent, of water are now as well Known as 
those fqr coal, and ma^y makers of producer ga^ plant are prepared 
to supply suitable generators of either pressure or fuction type. 
Small plants are in operation in many districts, and one of 4000 H.P. 
is working at hammer Moor, Hanover. Large schemes for the 
generation of power have already been -put t forwyd, and extensivq. 
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dlvelopment is probable in many peat districts whore industries 
have hitherto lteon crippled by want of fuel. An important national 
question may he solved through this means.*’ Sir William Ramsay 
has pointod out our dependence on foreign supplies of nitrates for 
the production of military explosives, and the necessity there is for 
us to produce at least a proportion in this country. As is woll known, 
largo quantities of nitrates are now mado from the atmosphoro by 




Fro. 2.—Supply and discharge cbamlicrs with gearing for rotating tubas. 

high-tension electric discharges, and for this choap generation of the 
electric onergy is essential. The Irish peat bogs will probably furnish 
this enefgy, and even if not competing in prieo with foreign supplies 
of nitrates, will endblo them to be produced ^t a rate sufficiently low 
to justify the fostering of their homo production. 

The gasification of poat is dealt with under the section of Producer 
Gas (p. 276) # Here consideration need be given oaty to the results 
^jsiready obtained and t^e economic side of the question. The whole 
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financial success deponds in the first place upon obtaining pdat 
economically in a suitably dry condition for the producers, and in the 
prooess being practically independent t>4 varying climatic conditions. 
At present the liken berg system is the only one which meets these 
requirements. 

Socondly, the recovery of by-products of highly remunerative 
character must bo carefully provided for, notably sulphato of ammonia 
and calcium acetate, tho profit from theso being more than sufficient 
to "cover working costs, leaving the largo volume of gas suitable for 
power purposes as a balance. 

The following figures are given on tho authority of Mr. Rigby, and 
are amply supported by othor tests mado by tho Power Gas Corporation 
and others 

iVr mPtric ton 
(dry ppat aubatance). 

Cubic foot of gas at O’ C. and 760 mm. 99,000 


Calorific valuo per cubic foot .... 157 B.Th.U. 

Tar. 110 lbs. 

Calcium acotato. 9 „ 

Ammonium sulphate. 165 „ 


From tho availablo results it may bo confidently oxpected that 
1 ton of dry poat substanco will yield 90,000 cubic feet or over of gas 
of a calorific valuo of 110 B.Th.U. pot cubic foot. 

Taking thoso figurgs as a basis, and assuming that a good gas 
engine will, under varying working loads and everyday running, givo 
an efficiency of 25 per cont., thus requiring 10,180 B.Th.U. per H.P. 
hour, one ton of theoretically dry peat will be equal to an output of 
1240 H.P. hours, or 1'8 lbs. por II.P. hour. High-class modern gas 
engines, working at or near full load, will require only 8500 B.Th.U. 
per H.P. hour, ami on this basis one ton of dry peat may bo expected 
to give 1480 H.P. hours, equal to 1-51 lbs. per II.P. hour. Converted 
into eloctrie energy the consumption of dry peat per kilowatt would 
be therefore about 3 lbs. 

The nitrogen in bog peat is very variable, an average figure of 
1'6 being usual, although many deposits contain over 3 per cent. 
The theoretical yield of sulphate from nitrogen is given by— 
Molecular wt. of ammonium sulphate (132) , , 

-Molecular wt7of nitregen (28)- X P erCenta 8° ot nltro S en 

The actual yield of course depends largely on working conditions, 
and ovo'. 80 per cent. oRtho theoretical has been obtained. Working 
with a peat containing 2'2 per cent, nitrogen, Messrs. Croseley Bros, 
obtained in their earlier trials 140 lbs. sulphate per ton (=63 per cent, 
yield), and later 177 lbs. (=80 per cent, yield). “ 

The selling price of sulphate of amrtionh has ranged betweeh 
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£f2 and £14, and there is no reason to believe that the output will, for 
many years at least, so inereaso in relation to the lemand as to lower 
the prioe appreciably. Taking £12 a ton as"tho selling price, the 
average nitrogon present as 1C por cent., and the yield as low as 
65 per cent., the production of sulphate per ton of dry poat will be 
110 lbs., and its value 11s. 9/1. The actual cost of manufacturing 
sulpbato is so woll known from gas works and producer gas plants 
that it may be stated confidently to be under £1 per ton. To this 
must be added the cost of getting the peat from tho bog to the 
producers, which will be a vory variable factor, and about which very 
little data are available; but it will be clear that under any possible 
conditions thoro will bo a handsome margin on the working costs 
derived from tho sulphate salos alone, whilst tho calcium acotate 
produced is another asset. Of course it must bo remembered that 
with 90 por cont. of wator in the peat some ten tons actually must be 
excavated and prepared in order to yield tho ton of theoretically dry. 
peat on which those figures are necessarily based. 

• 

* Minor Sor.m Forms 

As these*are closely allied to either wood or peat, consisting 
chiefly of eelluloso, they may bo considered hero conveniently. 

Bagasse (Engineering, 1910, 89, 197) is a fuel of considerable 
importance in cane sugar producing countries, and consists of the 
residual crushed cane after the extraction of the juices. It is usually 
burnt under boilers, tho best results being obtained when over 100 
lbs. per hour aro burnt per squaro foot of grate area. 

Bagasse contains— 

Fibrous material (cellulose) . . 33-50 per cont. 

Sugar.7-10 „ 

Water. 32-56 „ 

Naturally the amount of fibrous material available for fuel is 
dependent largely on the degree to which the juices are pressed out. 

The calorific valuo of dry bagasso ranges from 4600 cals (8280 
B.Th.U.) to 4800 oals. (8650 B.Th.U.), with an ash contont of 1-6 to 
2-26. The value of the pure combustible approximates very closely 
to 4750 cals. (8560 B.Th.U.). 

Spent Tan. —This will have much tho same composition as wood. 
According to D. M. Myers (School of Minos Quarterly, 1910, 31,116), 
hemlock tan has thb following ultimate composition :— , 

Carbon.• . 51-8 por cent. • 

Hydrogen.604 

Oxygen .40'74 ^ 
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The oalorifio value of air-dried bark is 3150 cals. (5675 B.Th.UT), 
and of the wet tan 1460 cals. (2665 BJa.U.), the average moisture 
being 65 per cent. (Mybrs). • 

Spent tan has been successfully employed in suction gas plants. 

♦ Wile 8ud.—Considerable attention has been given to the utiliza¬ 
tion of the enormous quantities of grass clumps which at certain 
seasons are carried down the Nile, it boing realized that in a country 
dependent almost entirely on imported fuel, the application of this 
sud for fuel ptirposos is an important oeonomic factor. The material 
is collected, sun-dried, disintegrated, and finally hriquettod. It is 
claimed that, produced on the banks of the Nile, tko fuel is 50 per cent, 
cheaper than imported fuel. 

I Town Refuse.— The disposal of the waste material from dust- 
ins, etc., is an important sanitary problem, and its destruction hy 
urning in suitable “ dostructors " is not only a satisfactory method 
rom a sanitary point of view, but can generally become ronmnora- 
ive when tho boat is utilized for stoam raising. As an adjnnejb to 
h e ordinary boiler-plant in.Electricity generayjig_atatipnsj < deskac- 
ors” havo considerably reduced fuel consumption, and t with ji_good 
ypeo f destr uctor little nuisance from dust, ote. , sTid uIcTlie experie nced. 

Refuse varies considerably in character according to tho towns, 
nd with the soason ; the average amount of combustible matter for 
jondon is stated to he about 3H per cent. From numorous evapora- 
ion results with “ dostructors ” rofuso has a cidorific value of about 
/,i200 Calorios per kilo (2160 B.Th.l!. per lb.), actual evaporations 
Ifrom 1-25 to 3'5 lbs. of water per II). of refuse having boon obtained. 



Chapter III 

COAL AND ITS CONSTITUENTS 


Coal,—There is ample evidence of the vegetable origin of coal, al¬ 
though Doiiuth has put forward the view that, whilst lignites are derived 
from woody fibre (lignin), bituminous coal is derived from protoids of 
animal origin, and Bertram and Renault have claimed that Boghoad 
cannel is formed from colonies of gelatinous algte ; but Jeffreys, in a 
recent paper before the American Academy of Arts and Sciencos, 
conclusively shows it to be built up of the spores of vascular crypto¬ 
gams (winch are of a resinous character). Any mineralized vegetable 
remains which are capable of combustion may be regarded as coal, 
but care must be taken to exclude natural bitumens, whatever 
may be tlieir origin, which aro distinguished from coal by the 
almost complete solubility of their organic constituents in carbon 
disulphide and similar solvents. Space permits only of fclio consider¬ 
ation of the probable chemical changes resulting in the production of 
the principal descriptions of coal* 

x -/Conipositioii of Coal.—Coal, when freshly mined, consists of the 
pure coal substance (the combustiblo), frequently bolding occluded 
in its pores considerable quantities of inflammable and othor gases; 
mineral matter (or ash), which may in part be dorived from the 
original plant and partly from material deposited amongst the grow¬ 
ing or decaying vegetation ; and moisture. 

For a proper comparison of different classes of coal or coal from 
different sources, it is necossary to eliminate the accidental and 
greatly varying constituents, the moisturo and ash, so that only the 
true coal substaneo is takon into account, although from a com¬ 
mercial point of view the moisturo and ash aro of great importance. 

The elements present in the combustible aro principally carbon, 
hydrogen* oxygen and nitrogen, together with small quantities of 
sulphur and phosphorus. An analysis shoeing the proportion in 
which the elements occur is termed an ultimate analysis. J ust as the 

* For a complete consideration of the processes involved i% the formation of 
the coal «deposira, the reader is Referred to Gibson’# excellent treatise on Tht 
Otology of Coal aydyoal Mining (London : Edward Arnold). 
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nUlmafa. analysis of an organic compound fails to throw light on the 
actual characters of that compound—indeed, as is well known, com¬ 
pounds of exactly the^same ultimate exposition often have entirely 
different properties and therefore constitution—so with coal it does 
not follow that those having approximately the samo ultimate compo¬ 
sition are conglomerates of tho same compounds or have the same 
properties. In general, however, there is a close connection between 
ultimato composition and properties. 

When coal is subjected to tho action of heat in a vessel under 
such conditions that, whilst any volatilo matter resulting from its 
decomposition may escape, access of air is prevented, gases and 
liquid products distil off, and a residue of coko, which includes the 
ash, remains. Tho results obtained therefore yield tho amount of 
volatile matter, the coko, arid, if tho latter is finally heated with 
access of air, tho ash alone remains, so that tho loss during this 
latter operation is duo to carbon (usually togethor with a little 
hydrogen) which remained in the coko and is tormed fixed carbon. 
Such an analysis is termed tho proximate anuhjns, and although igain 
it gives no information as to tho real compounds existing in the coal, 
it is invaluable from tho information it affords as to thtf character of 
the coal "and its suitability for practical purposes, besides affording 
tho simplest and probably tho best method of classifying tho various 
coals, 

A general relationship is found bctwcon tho results of the proxi- 
imate examination and the ultimato composition, the volatile const- 
tuents being highest when the total carbon is low and tho oxygen 
content high, as occurs with lignites and bituminous coals; whilst 
with anthracitic coals, where the total carbon is high and tho oxygen 
low, tho volatilo mattor is lower than with any other class of coaTl 

Tho general relationship in ultimato and proximato composition 
of tho pure coal Bubstancc for typical coals is shown in Table Vi. 


TABLE VI. 

t'l.TiMATF. Composition or Coat.. 



Carlton. 

Hydrogen. 

Oxygen 

and 

nitrogen. 

Fixed 

carbon. 

Volatile 

matter. 

Lignites and brown coals . . 

(50-5 

5*5 

250 

52 0 ‘ 

480 

Splint coal (Fife). . . » . 
Gas coal (Durham) .... 

82-0 

850 

5 0 

5-5 

1215 

8-2 

010 

WO 

390 

34-0 

Coking coal. 

87'3 

6-05 

6*9 

73-5 

26 - 5 

Smokeless steam (Welsh) . . 

91-3 

4 05 

3-9 

85-5 

14-5 

Anthracite (Scotch' .... 

91*1 

3-5 

4*65 

88'fi 

11*5 

Anthracite (Welsh) .... 

910 

39 

< 

4 28 

t30 

. 7-0 

• 
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•Broadly speaking, the amount of volatile matter in ooal is 
dependent, then, on the presence of certain bodies rich in oxygen. It 
does not follow that in two coals of tho same ultimate composition 
the oxygen-containing substances are identical, indeed, ns will be 
shown later, they may probably be of a totally different typo, so that 
it is not surprising that coals identical in ultimate composition behave 
quite differently under the action of heat, both in tho actual yield of 
volatile constituents and in tho character of tho coko which results. 

Composition of the Coal Substance.—Coal must bo regarded as a 
complex mineral in which tho constituent bodies vary not only in 
composition, but also in tho proportions in which they occur. Our 
knowledge of thoso bodies is, however, very limited, and much 
valuable research work remains to bo done in elucidating the 
problem. 

Cellulose, n(C 8 H KI 0 6 ), is the main constituent of plant fibre, and 
must certainly have been one of tho principal parent subslancos of 
coal, and the study of the course of its decomposition should throw 
lighttipon the possiblo soquonco of changes which have resulted in 
the production of coal. 

In peat lAgs bacterial and other agencies aro at work bringing 
about the decomposition of cellulose in a manner probably closely 
allied to that by which tho initial decomposition of this compound 
was brought about during the earlier stages in tho formation of coal, 
i.e. whilst the decaying vegetable mattor was at or noar the surface. 
Again, in many lignites the original vegetable structure is so well 
preserved that they might be expected to throw light on the course of 
decomposition as far as its earlier stages are concerned. The com¬ 
position of decaying peat and of lignites has been determined by 
several observers, and some results are given in Table VII., where 
in order that the changes may be emphasized, tho oxygen and 
hydrogen are calculated as for 100 parts of carbon. 


TABLE VII. 

Ultimate Composition op Beat and Lignite. 



Carbon. 

Hydrogen. 

Oxygen 

and 

Nitrogen. 

Observer. 

Oelluloaa. 

Feat . . * . 

Peat. 

Lignite.* . . 

Lignite . . . e. 

Lignite (KhirgU Steppes). . 

100 

100 

100 

100 

100 

100 

13 0 
7-85 
7-60 

7 06 
7-65 
7'8 

ni-o 

68-5 
63-7 
46-8 f 
62-7 
540 

iMulder, Einof, Proust, 
/ and othors 

jHerz * 

Brame 

!--- 


.Thetfe bodies baye bMn termed bumic or carbo-humic acids am] 

e. */ . , •» • 
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ulmic and oarbo-ulmio acids, but it must not be inferred that they 
are definite ohemioahcompounds. 

That similar cban|es can be produced in wood has been shown by 
Stein, who heated it together with water in sealed vessels to various 
temperatures. Stein’s results for 5 hour treatment were as 
follows 


Temperature °C. 

Carbon. 

Ilyttogeu. 

Oxygen. 

205 

100 

0-5 

30!) 

275 

100 

Cl 

29-0 

280 

100 

5-3 

23-0 

290 

100 

4-7 

18-3 


The decomposition clearly results in the elimination of oxygen 
and hydrogen, and from the gases evolved during the decomposition 
and those found occluded in the freshly mined coal, those two 
elements escaped in association with much of the original carbon 
as carbon dioxide and hydrocarbons (methane, etc.), and, together, 
as water. , 

F. Bergius (,/. S. 0.1. 1913,463) found on subjecting puft cellulose 
to a temperature of 340 ’ C. under pressure, a black sul^tance having 
the composition: C = 84 per cent., H = 5 per cent., 0 = 11 per 
cent., was obtained, l’eat undor these conditions for twenty-four 
hours yielded a very similar product. 

To illustrate the general course of such changes, Percy constructed 
his well-known table, which, with certain additions, is given below 
(Table VIII.), in which all figures refer to carbon taken as ltX) parts. 

TABLE VIII. 

Cabiios = 100. 


Cellulose, pure. 

Wood, average. 

Peat. 

Lignite (Kbirgis Steppes) . . . 

Brown ooal (Europe). 

Lignite (Europe). 

Bituminous ooal (Stails.) . . . 

Steam ooal (Welsh). 

Anthracite (Welsh). 

Anthracite (Penns.) . .^ . . . 
Graphite. 


Hydrogen. 

Oxygen 

Available hydrogen. 

( Hydrogen - 

13!) 

1110 

00 

120 

88-0 

10 

100 

67 0 

3 0 

7-8 

540 7 

ii 

70 

30 0 

3-4 

G-9 

300 

3-6 

o-o 

210 

8*4 

80 

5-5 

4*3 

4’75 

8-2 

“41 

28 

V8 

2-6 

00 

o-o 

0*0 

« 


Whilst such a comparison is useful it really throwj little light on 
the enormous differences in ultimate* composition of tfie gseat 
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number of coals where metamorphosis has proceeded so far as to have 
frequently eliminated all traces of vegetable stru’t-ire. A very large 
number of factors have undoubtedly contributed to the production of 
the various coals, among which may be mentioned— 

1. Difference in character of the original vegetable matter. 

3. Variations in the course of decomposition at or near the 
surface. 

3. Variations in the decomposition after covoring under varying 
geological conditions. «uch as differences in temperature, timo and 
pressure. 

From microscopic examination of thin soctions of certain coals 
and from botanical considerations, it is certain that the bulk of tho 
plants from which the coals wore formed wero propagated by means 
of spores, which were of a highly resinous charaotor, and possibly 
resinous bodies existed in the plant colls thenisolves. These resinouB 
bodies are far more resistant to decay than the cellulose of the plant, 
indeed, masses of rosin are sometimes found in peat bogs and lignite 
beds. * At modernto tomporatures they would undergo destructive 
distillation* as in the manufacture of turpentine, with tho production, 
first, of complsx liquid hydrocarbons, and finally, at higher tempera¬ 
tures, of gaseous hydrocarbons and solid or semi-solid complex 
products, which would permeato the material resulting from the 
decomposition of tho woody parts of tho plant. • 

Our knowledge of tho actual constituent bodies of coal is very 
slight. With coal of a particular character these are probably both 
numerous and complex, and when the large number of coals of 
widely varying properties is considered, it will be seen that this 
variation of character may arise through the presence of different 
primary constituents, and through the proportion in which consti¬ 
tuents common to the different coals may oxist. Microscopic exami¬ 
nation in a few cases shows variation in structure to oxist, but the 
application of this method is impossible in the large number of coals, 
since the thinnest possible sections are opaque. The analytical 
method appears to be tho only one likely to lead to advances, and 
here the processes seem to be confined to distillation under reduced 
pressure (although this may not entirely avoid decompositions), and 
the differential action of solvents on the finely powdered coal. 

The most valuable work in this latter direction appears to be that 
ef Smythej made to the Commissioners of the 1861 Exhibition, whose 
work is referred to fa Bedson’s paper on “The Proximate ^Con¬ 
stituents of Cbal" (/. S. C. I. 1908, 149). From this paper the 
condensation of Smythe’s results given in Table IX. has been 
made. * 
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TABLE IX. 


SlIMMAIIV OS' RUYTUK'S UkSI-I.TS. 


Hcnzfiic fxirnct (3 % oxtractod). 
Re-prH ipitatort by p'-trolpum ether. 
Treated uitu *tiiyl ether. 


Soluble. 


lnn.ilui le. 


! Total. 

I 


Soluble in 
acetone. 


' Chloroform extract 
(18 ‘/ a extracted). 

( lie-precipitated by 
petroleum ether. 


Melting-point. 

135 140° C. 

80-83° C. 

78-80° C. 

94° C. 

Carbon. 

77 2 

77 75 

79-23 

76-45 

Hydrogen.j 

3-2G 

11-77 

12-83 

991 

Oxygon . 

14-54 

10-48 

7-94 

13-64 

Approximate coiwtitution . 1 


O..U..O 




Ether, petroleum ether and acetone yield only vory email amounts 
of extractives. 

Smythe also found that by distillation at 8 mm. pressure of the 
portion of tho benzene extract which was insoluble in cthyl'cthor, 
and recrystallizing tho waxy solid distillate from benzene, and 
benzene with petroleum etbor, a body identical witli*tlmt from the 
acetonp extract of the saino original substance was obtained. 

It is important to note that tho composition of all Smythe’s pro- 


ducts practically falls 

within tho limit 

s of that i 

jf the various resins 

examined from peats 

and lignites, as 

the following analyses of the 

latter by several obser 

vers show: - 




Maximum, 

Minimum 

Average. 

Carbon . 

. . . 8H7 

75-12 

78-65 

Hydrogen , 

. . . 15-37 

8-71 

11-36 

Oxygen . , 

. . lt'C7 

C-3G 

9-88 

Tiotot and Bamsoy 

or (Client. Zeil., 

1911, 35, 

865, 907) with ben- 


zene as solvent (or by distillation at 10 mm. pressure) have isolated 
recently a definito hydrocarbon, hexahydrofluorene, from ooal. Other 
hydro-aromatic substances could not be identified. 

Of the many solvents which havo boon employed those of a basic 
oharaoter, aniline and pyridine, are found to give by far the highest 
amount of extractive. Besins are composed mainly of aoid bodies, 
and therefore tho solvent must combine with these, and, if the pro¬ 
duct is soluble in excess of the solvent, it will pass into solution, 
whioit is proved to be the case by the total nitrogen in the residua 
and extract considerably exceeding that in the original eoaL Pyridine 
again is not without aotion on some of the constituents other than 
resins. The aotion of pyridine has been investigated hy Bedson 
(Trans. N. E. Min. Engs. 1899, 82; J. S. G x /. 1902,'233, and 1908, 
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14?], Baker (Trans. N. E. Min. Engs., 1901, 23}, Anderson and 
Henderson ( J. S. C. I. 1902, 233), A. Wahl (Conpt. Rend. 1912, 154, 
1094). In no case lias it beeh found that tho ultimate composition 
of the extracted bituminous matter approaches that of Sinytho’s 
extractives, i.e. it doos not agree with that of rosins. 

In this connection it must not he overlooked that the coals 
examined may havo differed materially from those of Smylho. It is 
highly improbable that with tho sovoral coals examined all were free 
from rosins, and therefore in all probability their presence is entirely 
hidden through the complox nature of tho pyridine extract. Further, 
possible changes in the resinous bodies may havo occurred to a 
greater or loss degreo. 

Whilst by the action of pyridine no dofinito constituents of coal 
have been isolated, certain interesting points aro established. Tho 
extract may amount to over one-third of tho total weight of tho coal; 
in certain cases tho extract is as high as tho volatile matter in the 
coal, but unfortunately in such cases tho volatile matter (if any) in 
the residue* has nover been estimated. I 11 a largo number of cases 
the volatile mjttor in tho residue considerably exceeds that in tho 
original coal, which is ontircly contrary to what would bo expected, 
and can bo ascribed only to pyridine ontering into combination 
with tho formation of insoluble compounds. 

Of considerable intoiest and importance is tho loss of coking 
power which feobly-coking coals suffer on pyridine extraction, and 
the reduction in this property with strongly-coking coals. Closely 
associated with this is tho similar loss of coking proportios when 
many coals are oxposod to the action of the air, that is, whon certain 
constituents havo been oxidized. 

Burgess and Wheeler (('hem. Soc. Trans. 1911, 99, 649) have 
examined the gases evolved from a coal after pyridine extraction 
and from the extract itself. Whilst tho former yielded principally 
hydrogen, carbon monoxide and carbon dioxide at a temperature of 
900°C., the extract gave chiefly paraffin hydrocarbons and hydrogeD, 
tho hydrogen increasing as the temperature of distillation was raised. 
It is tentatively suggested that coal contains two constituents, one 
easily decomposable and yielding mainly paraffins, extracted by 
pyridine and derived from resinous bodioB, the other more stable, 
which is drived from the celluloses present in the parent plant. 

Thatooal contains.unsaturated compounds if shown by its^pro- 
perty of absorljing oxygen, and by its absorption of bromine and 
iodine in a manner similar to the absorption taking place with 
oxidizable natural oils. * 

W. Carriok Anderson (Pror^ Qlas. Phil. Soc. 29, 72) and Anderson 
and *J. Boberts C. 7. 1898, 1013) examined exhaustively th^ 
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coals from the Clyfle basin, more especially with a view to deter¬ 
mining the cause of coking. They, iound that by extraction with 
6 per cent, potash solution the long flame splint and gas coals lost 
their normal feeble coherence on heating, in each case the potash 
• being wore or less coloured brown, whilst it had little effeet on the 
coking power of good coking coals, and was only faintly coloured. 

On heating to about 300° G. in an atmosphere of carbon dioxide, 
in order to prevent oxidation, coals yielding slightly coherent cokes 
lose their coking power, whilst with strongly-coking coals this power 
is somewhat reduced. On treating the powdered coals with dilute 
nitric acid (12), evaporating to dryness, dissolving the residue in 
ammonia and re-precipitating by hydrochloric acid, they obtained 
substances of fairly uniform composition from a number of coals, 
which substances invariably contained nearly three times the nitrogen 
present in the parent coal. Taking now a coal giving coke of feeble 
coherence, this was heated to 300’C. in carbon dioxide, when the 
residue lost its cohering property, and on nitric acid treatment 
yielded "coal acid," identical in composition with that from the 
raw coal. 

The inference drawn by Anderson from his results is that there 
is present in feebly-coking coals a rosinoid body to which they owe 
their properties, this body being soluble in potash and volatile at 
300° C., whilst in good coking coals there is a nitrogenous oxidizablo 
substance to which coking is primarily due. No consideration is 
given to the possibility of the latter boing nitro-dorivatives of some 
of the aromatic bodies undoubtedly present in all coals, and not being 
a nitrogen compound existing in tho raw coal itself. 

Boudouard ( Gompt. Beml. 1908, 147, 980) has examined the 
extracts obtained from coals by treatment with 5 per cent, and 25 
per cent, potash, using raw coal, coal oxtractod with alcohol, and 
after nitric aoid oxidation. The results of analyses showed the 
following range 

Carbon. 52-67 per cent. 

Hydrogen.3-5 „ 

Oxygen.30-44 

A comparison of these figures with those for rosins (p. 30) will show 
that they are of an entirely different character, and % more of a 
» hymic " or “ ulm^c ” character, i.e. degradation products of cellu¬ 
lose, etc. < 

Later (Gompt. Bend. 1909, 148, 348), Boudouard describes the 
action of several reagents, and draws the conclusion that the coking 
power is due to complex condensation products ol oelluloses, and 
that the humic acid found in non-ooking coals is the result of their 
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farther oxidation. Where oxidation has proceeded to completion, as 
in anthracite, humio acid is no longer present. 

It will be seen that the results are vory inconclusive as regards 
the probable constitution of the complex body, coal, and that the 
subject offers a valuablo field for research. It is hoped that the 
above condensation of the principal work of those who havo experi¬ 
mented in this direction may stimulate others and servo as some 
guide. At present we may conclude that the various classes of coal 
owe their distinctive properties to variation in the proportion, in 
some cases to the entire absence, of constituents of the following 
classes:— 

1. Carbonaceous residues incapable of any considerable further 

chango (probably form the bulk of anthracites). 

2. Degradation products of cellulosos, including •• humic acid," 

or capable of oxidation to " humic acid." 

3. Unaltered or slightly altered rosinous bodies, easily decomposed 

or volatilized at moderate temperatures. 

4. » Delation products of resins. 

0. Destructive distillation products of rosins, principally solid 

hydrocarbons and possibly free carbon residues. 

Moisture in Coal.—The moisture in coal may be divided into 
accidental moisture, and the moisture duo to the hygroscopic pro¬ 
perties of the coal itself. Thus an oven-dried coal will again absorb 
moisture up to a certain limit, or a wet ground coal exposed to the 
air will lose water down to a cortain limit. Lignites and brown coals 
frequently contain from 30 to 45 per cent, of moisture as mined, and, 
even in summer, on exposure to air retain frequently 20 per cent., in 
this respect resembling wood. Ordinary coals may contain from 
1 to 4 per cent, after air-drying. 

High moisture is of course prejudicial to the buyer: it is paid for 
and transported at fuel prices, it adversely affects tho coal in the 
furnace by chilling the fire, so giving greater chances for smoke to 
form, and it demands heat for its vaporization. This latter loss 
seldom needs to be taken into account, for as is shown later (p. 347), 
even under poor conditions of flue gas temperature it approximately 
amounts to 01 per cent, of the total calorific value for each per cent, 
of moisture. 

in Coal.—The mineral matter is derived in part from that 
present in the original vegetable substance, in part from nfaterial 
earned by flood water, etc., amongst tho decaying vegetable matter, 
and may also be due partly to shale, etc., derived from the strata 
adjacent to tha coal seam, which it has been impracticable to remove 
by*picking or washing, ewenVhere this has been attempted. 
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Ash is inert material in the coal; it is valueless mineral matlter 
paid for at coal prices, and in addition may detract seriously from 
the value of the coal by choking the ah* passage through the grate, 
thus lowering tho rato of combustion and the output of the boiler; 
frequent cleaning of the fires is necessary with the accompanying 
losses through open firo doors; the loss of carbon carried through into 
the ash pit may bo considerable; it causfcs deposits in tubos and flues, 
and in addition, if of a fusible character, is especially troublesome 
through the formation of clinker. In producer gas practice this is 
a serious question, and coals otherwise suitable may be unworkable 
excopt with such excossive steam supply that the efficiency is 
adversely affectod. 

The ash of coal is seldom bolow 1 per cent.; up to 5 per cent, 
quite usual, and not infrequently it amounts to 10 or 12 por cent. 
With coal from a given soam it is usually considerably higher in the 
small sizos, due to the easy separation of pure lump coal with the 
corresponding concentration of mineral matter into the smaller stuff. 
The following results with an American anthracite 1 strikipgly'dlus- 
trate this point. 



Screening- 


iHwriptlon. 

Passed 

through. 

Passed over 

Ash on dry coaL 


In. 

in 


Esg. 

2*6 

1 75 

5-82 

Stove. 

1*75 

1-25 

10-30 

C-hostnut. 

1-25 

075 

1300 

Ptlft. 

0 76 

0-60 

1505 

Buckwheat .... 

(J GO 

025 

17 10 


With infusible ash, tho value of two coals of similar character 
will be fairly proportional to their relative ash content, but it is quite 
otherwise if one gives a fusible and the other an infusible ash. A 
low ash contont of a fusiblo character may be far more detrimental 
than a high ash of infusible character. 

Essentially tho ash consists of silicate of alumina together with the 
basio oxides lime (CaO), magnesia (MgO), and iron (h’e 2 0 3 ), together 
with traces of sulphates, carbonates and phosphates. Wood ashes 
are characterized by the presence of high proportions of alkalies, 
potash (K 2 0), and soda (Na^O), in combination with carbonic acid, 
with little or no alumina. Peat ash contains a high percentage of 
lime and a little alumina. Coal ash is characterized largely, then, by 
the high percentage of alumina which is present. It may be noted 
that alumina as 1 a constituent occurs in any quantity only in those 

1 Tram. Amir. Inst. Min. Mngn 24 , 720. 
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plafttB existing to-day which are allied to those of the ooal forma¬ 
tions. Silicate of alumina (day), however, wOuld be the principal 
substance carried amongst the decaying vegetable matter when in 
a partially submerged state, judging by the usual shale bods accom¬ 
panying the coal seams. 

Although the composition of wood and poat ash varies over wide 
limits, the examples given in Table X. will serve for a comparison 
with the coke ashes. 


TABLE X. 


Pbihcii'al Constituents of the Ashes or Fmr, Pfat, amp Coke. 


Silica, SiO, . . 
AlumiSa, ALO, 
Ferric oxide, Fe,0. 
Lime, CaO. . 
Magnesia, MgO . 
Potash, K,0 . . 
Soda, Na,0 . . 


(like (Warwick). 


gylveetriH 

(Hottlnger) 

: (KotiaMs) 

1 

i Noil- 
1 < llnkprltig 

Fair. 1 

Clinkcrlni. 

1 



-- 

— 

3 04 

10 25 

; 5107 

46-23 I 

4040 

2-80 

41*95 

31-93 ! 

16-45 

1-67 

0-34 

tram 

14-54 

18-15 

31-30 

34-79 

1 82 

5 01 ! 

11-80 

1U-7G 

3 00 i 

1 10 

2 20 

4-63 

2-70 

3-50 j 

— 


— 

15‘JO 

U 37 

— 


— 


Whilst it is impossible to correlate composition of the ash with 
dickering property, it is certain that the nearer the composition 
approaches that of aluminium silicate (A! 2 0 3 .'2Si0 2 ; Al 2 03 = to 3 per 
cent., Si0 3 = 54 2 per cent.), tho more infusible it will bo; that on 
replacement of part of the alumina by other bases, such as lime and 
magnesia, and more particularly iron oxide, the more easily fusible 
will it become, due to tho formation of doublo silicates, which are far 
more fusible than the simple ones. 

A red asb, arising from the presenoe of iron oxide, is justly 
regarded as a bad indication from the point of view of fusibility. A 
red aBh is indicative also of a fair percentage of iron pyrites (heS 2 ), 
which on heating in contact with air loses sulphur as the dioxide and 
is converted into ferric oxide. High sulphur may, howevor, be present 
without the ash being red if tho sulphur is in organic combination. 

Combined Oxygen in Coal.—In a United Statos Geological 
Survey Hklletin, 1909, White deals with the effect of oxygen in coal, 
and shows that it has nearly as bad an anti-Jalorific effect A ash, 
that is, dry dials of the Bame total carbon, but with high oxygon and 
low ash will have nearly the same calorific value as coal where these 
constituents we in the reverse proportion, high ash aid low oxygen. 

•The efficiency of coals will, therefore, agree approximately to the 
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order of the ratio of the carbog to the oxygen plus ash, the avetage 
variation being about 1 per cent. 

O^itrogen in Coal.—It is unusual to find loss than 1 per cent, of 
nitrogen in the coals of this country or more than 2 5 per cent.; 
indeed, it is exceptional to find a coal giving such a high figure, and 
the average will lie botween 1-3 and jl'5 for the bituminous coals. 
The nitrogen content of anthracite and semi-anthracite coals is of 
small importance, consequently very few data are available, the 
nitrogen and oxygen being grouped together in most analyses. It is 
stated to be lower than with bituminous coals. 


Although the amount of nitrogen is small its economic importance 
cannot be over-estimated. It is from this source that practically all 
the ammonia salts of commerce are derived, and the formation of 
ammonium sulphate in gas-producer plants is an important factor in 
their economical operation. By the ordinary distillation of coal in 
retorts or coke ovens about 15 per cent, of the nitrogen is evolved 
as ammonia, accompanied by small quantities of cyanogon an<i other 
compounds; a small quantity appears in the tar, mainlf' as bases 
such as pyridine, but usually 50 per cent, remains in t*ie coke. The 
recovery of most of this residual nitrogen is a problem which may be 
solved by gasification of the coke, otherwise it is wasted, which is 
the usual but unsatisfactory oourse. It is evident that certain of the 
nitrogen compounds are very stable, since they do not break down at 


the high temperatures of the gas retort. 

O^Sulphur in Coal.—This element is found to about the same extent 


as nitrogen, vis. 0-5 to 2-5 per cent. It occurs in three forms: in 
pyrites in combination with iron as FeS 2 , which on heating under 
oxidizing conditions bocomos iron oxide (FcjOj) with liberation of 
sulphur dioxide; as organic sulphur compounds, from which the 
sulphur compounds in tar and gas are mainly derived; as sulphates, 
principally calcium sulphate (CaS0 4 ), forming a constituent of the 
ash. In some casos it is desirable to distinguish between the fixed 
sulphur (occurring in the coke) and volatile sulphur. 

Sulphur is of great importance in fuels, especially those used for 
metallurgical purposes, since it may pass into the metal under treat¬ 
ment. Pyrites loses part of its sulphur by distillation on strongly 
heating, hence, when raw coal containing pyrites is burnt part of 
the sulphur set free may be absorbed by the grate bars, and Bince 
the sSlpbide of iron {firmed is comparatively fusible, may give rise to 
serious trouble, whilst, if the sulphur be burnt to sulphur dioxide, 
serious corrosion of copper tubes, etc., with which the gases come in 
contaot may oocur. i t 

When coal containing sulphur is distilled in retorts or coke ovtras 
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(hi sulphur found in the coke is always somewhat less than in the 
ooal, the actual loss probably being dependent Jhninly on the organic 
sulphur compounds presents Pyrites also may lose some of its 
sulphur, beooming the iron mono-sulphide (FeS), and calcium sul¬ 
phate may be reduced by contact with the hot carbon to the sulphide. 
In the majority of cases the coke will still contain over 80 per cent, 
of the original sulphur of the coal, and this residual sulphur may not 
be as objectionable in its altered condition of combination. It is 
quite conceivable that pyrites gives off elementary sulphur vapour 
whioh is readily absorbed by iron or othor metal, but that iron 
sulphide loses sulphur only as the dioxide which may have little 
effect on the metal. 

Numerous processes have been proposed for the further reduction 
of the sulphur left in the coke, but the most satisfactory method is 
that of washing the crushed coal, when a fair proportion of the 
pyrites may be mechanically separated (see p. 70). 

Iron pyrites has been credited with tho main responsibility for the 
spontaneous ignition of coal, but little importance is now attached to 
this theory. The question is fully discussed lator. 

Some discussion has arisen as to whether sulphur present in 
pyrites should be regarded as a heat-giving constituent in fuels, an 
important consideration when tho calorific value is calculated from 
tho elementary composition. Whilst calcium sulphate cannot under¬ 
go combustion, sulphur in organic combination and as pyrites may 
do so and add to the calorific value. Lord ( Trans. Amer. Inti. Min. Eng. 
1897, 27, p. 960) investigated the question, and concluded that 
practically the iron and sulphur give nearly the same heat as when 
burned in the free condition, and therefore tho calorific effect of 
sulphur should find a place in formul® used in such calculations. 

'/L/ Phosphorus and Arsenic.—These two elements occur in coal and 
coke in small quantities. Thoy are of no importance where the fuel 
is used for power purposes, but both are highly objectionable if 
present in anything more than traces in metallurgical fuels -phos¬ 
phorus more particularly in the metallurgy of iron, and both in the 
case of copper. Arsenic, again, in fuels used for malting has been 
proved to contaminate the malt, on which it is deposited by volatiliza¬ 
tion ; especially is this the case where gas coke has been employed. 

Woqd, Smith, and Jenks (.7. S. C. I. 1901, 437) give the following 
proportions of fixecj and volatile arsenic : - t 


Anthracite 
C8ke breeze* 


Grtlni per lb. of fu»I. 
Volatile Fixed 

Aracnlc. Arienlc. 

. 1/250 » 1/35 

...... 1/90 1/2 
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Chapman (Analyst, 1901, 26, 253) gives the following for 
arsenic in six coals aild in the coke prepared from them :— 


drain* per lb. 

In cn»l. In 

1-4 1-7 

0-5 0-7 

0-7 10 


• drains par lb 

In coal. In coke. 

0-7 0-6 

09 1-1 

„ 08 0-6 


the 


Oases in Coal.—In addition to the solid constituents coal con- 
taihs occluded gases, principally nitrogen, oxygon, carbon dioxide, and 
saturated hydrocarbons, of which methane forms by far the largest 
proportion. Carbon monoxide also is sometimes present in small 
quantities. 

Tho quantity and composition of those gasos have been investigated 
by a largo number of observers, notably E. V. Meyer, Thomas (Jaiirn. 
Chem. Sac. 1875, 28, 793; 187G, 29, 144), Dodson and McConnel 
( Trans. Fed. Inst. Min. ling. 1892, 307), Trobridgo ( J. S. C. I. 1906, 25, 
1129), and Porter and Ovitz ( U.S.. Bureau of Mines, Technical Paper, 
2,1911). 

Obviously theso gasos are of groat importance, the,evolution of 
such a highly inflammable gas as methane rendering seams in which 
it occurs 11 fiery ”, and extremely dangerous; but although the coal 
from such seams yields a largo quantity of metlmno, the outbursts of 
this gas which cause such unfortunato disasters, aro due more particu¬ 
larly to gas confined in hollows and other spacos under pressure rather 
than to that which diffuses only slowly from, its occluded state, or is 
generated by decomposition in the coal substance. With bunkor 
explosions, however, the occluded or generated gas must be the cause 
of the trouble, since any largo pockets of gas aro out of the question. 
Porter and Ovitz (loc. cit.) found that with coals of a bituminous and 
semi-bituminous character obtained from dangerous mines the methane 
esoaped rapidly at first, that its escape ceased in from 3 to 18 months, 
that during crushing of the sample the methane escaping equalled 
25 per cent, of tho volume of tho coal, and that from 50 to 150 per 
cent, oscaped on continued exposure. The maximum evolution was 
found where 27 lbs. of coal gave O'6 cubic feet of methane in 1 year 
5 months. 

This evolution of methane from broken coal over a period of 
months is clearly against the gas being retained in pores under 
pressure, and is not w ( holly in agreement with the occlusion theory. 
It seems obvious that methane must be generated by decompositions 
still proceeding in tho coal; that the compounds giving rise to those 
decompositions are limited in amount and soon become exhausted; 
that the amount of such compounds present will vary with different 
ooals, and, consequently, their liability to 1 senhrate danaeroua oa««a 
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Oeeluded gas from decompositions prior to mining and methane 
generated after are togotlier responsible in varying degree for the 
hydrocarbon gases evolved. 

That great variation in the quantity of gas and its composition 
should be found in the results by different, observers would be 
expected. The course of decomposition leading to the coal formation 
is unlikely to have always been the same, tho porosity of the coals 
varies widely, and also tho conditions under which the sample was 
crushed and exposed to the air. Freshly cut coal rapidly absorbs 
oxygen and nitrogen from tho air, the former the more rapidly, and, 
if the temperature does not rise much abovo 100’ C., with formation 
of little carbon dioxide. The examination of tho gases from coal 
necessitates crushing, hence absorption of oxygon and nitrogen, and 
the quantity of these gases obtained afterwards by exhaustion is 
probably due almost entirely to this absorption, the carbon dioxide 
and methane being the principal natural gases occluded. 

Table XI. gives two results obtained by Trobridge; three 
separate ^inalyses are given, (a) of tho last portions of air during 
exhaustion of the apparatus, (b) the gasos ovolved at ordinary 
temperatures,*(c) the gasos obtained on heating tho con l at 100° C. 


TABLE XI. 


Gxsrs in (.’Oil. (Trobridge). 


Busty seam (Dur-J 
ham).I 


Fernio coal (British 
Columbia) . . 


121 

ft 

ft 


\ ol. t.f gltf | 

In c c. per : Oxygen. 
100 gr coal 1 

Nitrogen. 

<'ur!u»n 

dioxide. 

«'arbon 
monoxide 

Paraffin 

bydro- 

carboua. 


22*5 

58 i 

30 

_ 

161 

21 G 

3 2 

35 7 

7 0 

0-7 

684 

130 0 

0-3 

10 

4 0 

08 

93-9 

— 

10G 

73-3 

7-5 

o-o 

8-6 

22-2 

7 2 

671 

10-5 

0-9 

24-8 

23-1 

10 

2 G 

35-4 

77) 

62-7 


Classification of Coal.-—The satisfactory classification of coal 
offers numerous difficulties, and no really good system has so far 
been elaborated. Until something more definite is known of the 
constituent bodies, resins, humus, etc., it is unlikely that any great 
advance will bo made. It is well known that pure chemical com¬ 
pounds exhibit isomerism, i.e. whilst having the same percentage 
compositiSn exhibit entirely different properties. Although coal is 
not a definite compound, the same condition *is found. Anfferson 
has pointed dut that the splint coals from the Clyde basin are 
frequently almost identical in composition with the softer coals of 
the same distjjet, and instances might be multiplied J variations not 
only in the external physical characters but in the other properties, 
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notably that ol caking, are found with coals of praotioally the same 
ultimate composition. There is further the gradual change ol 
character from coal of one class to that'of another; the agreement 
in one constituent and disagreement in others, so that hard and fast 
boundaries are impossible—if they are proposed they are purely 
arbitrary. 

Classification based on commercial application is far too general, 
with bituminous coals it is not uncommon to find one equally useful, 
and described as “ steam, gas or manufacturing." 

For any syBtom of classification it is essential that the combustible 
substance alone is considered—the great variables, ash and moisture, 
must be eliminated. From the proximate analysis there is no 
difficulty in differentiating between anthracites and semi-anthracites, 
semi-bituminous coals and the large class of bituminous coals, but it 
is just with this last and most genoral class that the proximate 
analysis fails. Furthor, the ultimato composition for the former 
classes can be correlated roughly with the proximate analysis, since 
the volatilo matter appoars to bo dependent mainly on oxygeu-con- 
taining compounds; but again this is impossible with (fhe more 
bituminous coals. t 

Every possible ratio of the principal elementary constituents, 
carbon, hydrogen and oxygon, has been suggested. The United 
States Geological Survey (1002) adopted the simple carbon-hydrogen 
ratio after considering aM other systems. No attempt at nomenclature 
was made, but the combustible carbonaceous bodies from wood to 
graphite were divided into twelve groups, the limit for several of them 
being only tentatively suggested. On attempting to apply this system 
to the largo number of English coals in Table XVII. the results were 
not satisfactory. 

Seyler has elaborated what is certainly the most scientific system 
at prosont on certain defined limits to the carbon and hydrogen. 
Below 84 per cent, (lignitious coals) the genus is sub-divided entirely 
on the carbon, whilst above this figure five genera are distinguished 
by the hydrogen content, as shown in Table XII. 

TABLE XII. 


Classification or Corns (Seyler). 


Genu*. 

Hydrogen. 

Approximate 
volatile matter. 

Typical cojda. 

V 

Anthracite ..... 

Below 

Below 10% 

Anthracite. 

Carbonaceous .... 

40-4-5 

10-16 

Smokel&s steam. 

Semi-bituminous. . , 

4-5-5 0 

16-24 

Navigation (bunker). 

Bituminous . 4 . . 

50-5-8 

Over 24 

Gas, steam, etc. 

Long fl%jne steam, etc. 

Pet-bituminous . . . 

Over fi-8 

'• -X- 
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fijyler further sub-divides the genera into species, bituminous into 
semi-bituminous, sub-meU-bitumiuous, bu b-ortko -bitumine us, and 
sub-para-bituminous, these species being dependent on the amount 
of carbon, the hydrogen being tlie same for the whole genus. 

It is seldom necessary in practice to nrako the ultimato analysis 
of a coal, so that any satisfactory systom based on the proximate 
analysis offers obvious advantages. The ratio of the fixed oarbon to 
the volatile combustible matter, termed the “ fuel ratio,” has been 
used somewhat widely, but except for highly carbonaceous ooals is of 
little value. 

Whilst the ultimate composition and proximate composition 
cannot be strictly correlated, there is a general agreement such that 
it is possible to assign a fairly definite rango for each with coals of 
certain common characteristics, though hard and fast lines cannot be 
lrawn. Clriiner appears to have been the first to attempt a classifica¬ 
tion on these lines for bituminous and semi-bituminous coals, and 
with some modifications bis table is most generally used. 

Fro* a study of the classical researches of Schouror-Kostner and 
Mounier-Dolfus (186b) on the composition and heating power of 
Europoan coal#, Griinor concluded that the real value of a coal was 
ndicated by the proximate better than by the ultimato analysis; but 
,his, convenient as it would be, is not the caso. Further, he bolieved 
,hat the heating power was proportional to the fixed carbon, but this 
atter contention cannot now be maintained. Griinor divided the 
rituminous and semi-bituminous coals into five classes, the character 
tnd composition of the coals and of the cokos obtained from them 
reing given in Table XIII. 


TABLE XIII. 

Obcnkh's Classification os Bituminous Coxi-s. 


No. of 
ilaM. 

Character of 
coal. 

Carbon. 

Hydrogen 

Oxygen. 

Katto 

() 

li 

Volatile 

matter. 

Nature of coke. 

i. 

Dry, long 
Same, non- 
caking 

Fat, long 

75-80 

4-5-5-5 

15-195 

4-3 

40-50 

Powdery or slightly 
coherent. 

it. 

180-85 

S-O-5'8 

10-14-2 

3-2 

32-40 

Caked, but friable. 

HI. 

Pat, pro¬ 
perly * so 

84-89 

| 

5-0-5-5 

5 5-11-0 

2-1 

20-32 

e 

Caked, moderately 
compact. j 

IV. 

Fat, short, 

flame 

j88-91 

iW'S 

4-5-65 

1 

18-26 

Caked, very com¬ 
pact, lustrous. 

v - 

Lean coals 
—anthra- 

190-98 

40-4-5 

3-5-5 

1 

10-18 

Popery or slightly 
coherent. 

cite t e 


a 
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It is at once apparent that Griiner's classes must be extended to 
include on the one hand the anthracite, and on the other hand such 
coals as those of a character between the true lignites and bituminous 
coals. Again, the range of composition for a class is not wholly 
consistent with that of this class as found in Great Britain, neither is 
the* terminology best suitod for a general classification. For these 
reasons the author has extended and modified Griiner's Table (XIV.). 


TABLE XIV. 

Ciuunf.r Classification modified for Coals of Great Britain. 


No. or 
cUm. 

Name of dans. 

I. 


Lignitious 

n. 


Liguo-bituminous 

m.{ 

S 1 

r Long flame, non-caking 

|l 

(utoaw, etc.) 

IV.{ 

s ] 

Long flame, partly caking 

2 I 

(gas) 

V. 

5 1 

l Short flame (coking) 

VI. 


Semi-bituminouH 

VII. 


Somi-anthracite 

VIII. 


Anthracite 


Carbon. 

Hjdrogen. 

Oxygen. 

Volatile 

matter. 

75-80 

4 8-5-5 

12-20 

35-47 

78-84 

4 5-6 

8-13-5 

35-45 

} 82-86 

5-6 

6-12 

30-40 

J 82-86 

4*5-6-5 

5—9 

30-40 

85-89 

4*5-5 5 

4-7 5*- 

•20-30 

89-92 

4-5 

2-4*5 

13-20 

91-98 

8-4 5 

* -5 

8-13 

over 92 5 

below 4 

below 3 

bolow 8 


It must again be emphasized that no such system can be rigid; 
for example, a gas coal towards the lower limit of volatile matter may 
be satisfactorily worked for coke in a suitable oven, and a semi- 
bituminous caking coal may be equally good for coking whilst not so 
well suited for burning owing to its caking properties. 




Cir.uTF.it IV 


COMMERCIAL VARIETIES OF COAL 
Ligniti: 

Nature and Occurrence of Lignite. Reference lias boon made already 
to the intermediate position which lignites occupy naturally between 
peat and coal. Lignites vary vory widely in character and composi¬ 
tion according to the metamorphosis which tho lignin of tho plant 
has undwgpne, from bituminous wood to material so closely resembling 
“dry” bituminous coal that it is difficult, if not impossible, to dis¬ 
tinguish between them. They are characteristic of strata more 
recent than that of the true coal formations, hut frequently have 
become so altered by local conditions as to morgo into bituminous 
coals or even semi-cokod material resembling anthracite. 

Lignites are of no importance in the British Isles, but are impor¬ 
tant fuels in parts of India, the colonies, and most European countries. 
In Victoria, Australia, a lignite bod 100 feet thick is found; in Canada 
it is the most important fuel deposit, Manitoba alone having deposits 
estimated to cover 60,000 square miles; in Now Zealand again, 
lignites form the principal fuel deposits. 

Lignites are classified by their physical characters: those retain¬ 
ing their woody structure and usually dark brown in colour, as 
" fibrous ”; powdery, soft lignite, " earthy ” ; hard compact masses, 
“brown coal," the latter passing imperceptibly into hlackor varieties 
closely akin to bituminous coals, and frequently having a conchoidal 
fracture, from which they receive the namo of “ pitch coal." Jet is a 
form of lignite. 

As mined, lignite usually contains a very high percentage of 
moisture, much of which is retained on air-drying; Bischoff records 
an average df 44 per cent, on German lignito; Sch^pitter 67 per cent, 
on Austrian samples. The ash varies over a wide range, depending 
chiefly on foreigfl material washed among the decaying vegetable 
matter, and the amount is frequently so great as to preclude the 
use of the m&terjpl except iD gas producers or by distillation for tar 
oils, eto. * I t 
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Composition of Lignite.—So many carbonaceous fuels of‘dis¬ 
tinctly vogetable ch^acters are classed as lignites, frequently on their 
geological occurrence, that it is extren^ly difficult to Btate an approxi¬ 
mate composition. In one table of the composition of lignites the two 
following analyses are included (corrected to the pure combustible):— 

VoUttle 

5 Carbon. Hydrogen. Oxygen. hrdrocarboni. 

55-9 6-48 35 02 ' 46 3 

89-5 3-87 6 63 12-65 

- With bodies so uttorly divergent in composition the only satis¬ 
factory way of ascertaining the probable range for true lignites is 
that of analysis of a largo number of results, and in Table XV. a 
classification is made from 62 analyses of European samples. 


TABLE XV. 


Composition of Lignites (European). (Calculated on the pure combustible.) 


Kang? of Carbon. 

No. of 

Carbon per cent 

HydnRpn | 
per rriit j 





# 

Below 60 per cent. . . . 

6 

671 

55 I 

5 79 IS i 

G0-G5 per eont. 

8 

633 

64-8 

6 ‘i'U 

561 J?? 

G5-70 „ .... 

25 

671 

70 1) 

65 2 

5 52 IS | 

70 75 . 

19 

726 

75 0 

70 6 

5'83 IS 

75 -SO . 

2 

76 3 

76 6 

76 0 

7 29 H] 

Above 80 „ .... 

3 

844 

86 6 

82 2 

5 40 ;i <15 


r cent. 


3711 
3109 
27-38 
2167 
16 41 

10 20 ‘‘m 


Note. —In all tables whom the composition of fuels is given as above, the 
mean figures are shown in larger type, and the maximum and minimum figures 
in small type. 


It will be soon that over 90 per cent, of the samples in Table XV. 
contain under 75 per cent, of icarbon and over 20 per cent, of oxygen, 
The last throe have a composition in good agreemont with a large 
number of English coals (for which the term “ lignitious” or “ligno- 
bituminous" has been suggested). Since classification based on 
geological evidonce is evidently capable of including totally dissimilar 
fuels, it is suggested that the alternative, classification on composition, 
would be more satisfactory, lignites proper containing under 75 per 
cent, of carbon and ovor 20 per cent, of oxygen. The‘small class 
containing carbon between 75-80 per cent, differ from the suggested 
" lignitious coals ” of Table XV. only in containing over 6 per cent, of 
hydrogen, nn(l, to harmonise with the general scheme, this small class 
of infrequent occurrence might well lie termed “ semj-lignites.” The 
^ classification would then become:— 1 
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j Carbon 

II>dn>£tn. 

Oajrgtn. 

: : 

p 1 f Lignitious coals 

\Ligno-bituminous. 

,* t 

. ! under 75"' 
75-80 
. : 75-80 

78-84 

1 over f> 

| 4 •8-5*5 
j 4/>-6 0 

over 20% 
12-20 
12-20 
8-18-5 


The volatile hydrocarbons of lignites falling within the above 
range are seldom less than 48 per cent.; they usually exceed 50 per 
cent., but in a large number of caRcs the ratio of volatile hydrocarbons 
to fixed carbon is approximately 1 to 1. 

Chemical tests have been suggested for differentiating between 
lignites and coals. Lignite is said to impart a brown colour on 
boiling with a solution of potassium hydroxide (caustic potash), 
whilst coal gives no colour. Muck has pointed out that all lignites 
do not colour the solution, and reference lias already been mado to 
the work of Anderson and Roberts, who showed that all tho coals 
oxaminou by them with this reagent coloured it brown, so this test 
is obviously Worthless. Donath and Ditz (alls. $. C. I. 1903, 921) 
suggest boiling with nitric acid (sp. gr. 1 055) when lignito is strongly 
attacked but not coal. They claim that in mixtures containing 
10 per cent, of bituminous coal or 5 percont. of lignite, distinction can 
be made. 

Calorific Value of Lignite.—This will bo dependent to a very largo 
extent upon tho closeness or remoteness of its composition in relation 
to wood on tho one hand and lignitious coals on the other, and to tho 
amount of moisture and ash present. In practice this excessive 
moisture entails great loss of heat units by its vaporization. 

The calorific valuo of the combustible may range from 5000 to 
7000 calories (9000 B.Th.U. to 13,880 Il.Th.U.). 

Lignite as Fuel. The amount of moisturo and ash generally 
present makes lignite an inferior fuel, and many brown coals are 
simply submitted to distillation for tho tar products. Where the 
percentage of combustiblo matter is high, lignite may be efficiently 
used for steam-raising, some Continental electric light stations being 
run on it, and it is also used on the Italian railways. 

LignitS (brown coal) is converted into briquettes on the Continent; 
in 1909 there were 900 plants for this purpose in "Europe. Accofding 
to C. L. Wright (I/..S'. Bureau of Minet, Bull. 14, 1911) the amount of 
matter soluble in carbon disulphide is a good guide to tho briquetting 
properties. IJpder 1-4 per cent, the material would notlind; between 
l'4>and *1-5 per cent, ill wa* difficult, and the results in practice 
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doubtful; with over 15 per cent, the material gave good 1 lb. blcfbks 
at a pressure of 20,0^0 lbs. per square inch. 

Lignite has been employed very sptcossfully in gas producers for 
metallurgical purposes, and rapid developments have been made in 
recent years in its application to power. The amount of nitrogen 
.present is about the same as in coal, so that with ammonia recovery 
very economic use will doubtless be ujade of the largo deposits found 
in the British Dominions. Tests made in the United States ( U.S. 
Oeul. Survey, Bull. 41C, 1910) gave the following average over 18 
tests, the results being calculated to the dry material 

BTIi.U. Lb* ppruq ft. I.b* per Cubic ft of gas B.Th U. per 
per lb. offuellw'il. B.II.l’. per lb. cub. ft. 

11,290 913 163 45-7 158-4 

Taken on the average moisture (2G-G per cent.), 2 lbs. of lignite as 
delivered were required por B.H.P. 


Cannel Coal 

<r~- 

This variety of coal differs in character from the lignites and true 
bituminous coals, and the organic matter from which it was derived 
differed no doubt from that from which the other varieties were 
produced. According to Bertrand and Renault, boghead cannels 
are composed mainly of gelatinous alga:; hut Jeffrey disputes this, 
and contends that they are composed mainly of the spores of 
vascular cryptogams. Fish and other animal remains are found 
frequently with cannel coals, which, together with the usual form 
of deposition in beds thiuniug right out at the edges, indicates that 
they wore deposited from fairly stagnant water. 

Cannel coal has been of great importance in the manufacture of 
gas, since on distillation it gives a good gas yield of exceptionally 
high candle power; hence, when illuminating value was of far more 
importance than it is now, "owing to the introduction of the incan¬ 
descent tnantlo, cannel was commonly used with ordinary gas coal 
to give tho necessary illuminating power, but naturally this applica¬ 
tion has greatly declined. It derives its namo from the candle-like 
flames emitted on burning; some varieties split'with a crackling 
noise on heatiug, and arc termod “ parrot ” coals; others, from the 
odour emitted ou burning, as " horn " coal. A variety of coal-like 
material known asiboghead cannel or Torbane mineral is*generally 
regarded in this country as a species of cannel, hut on the Continent 
it is not admitted to be a coal. It is characterized by k high percent¬ 
age of hydrogen, a very high yield of volatile hydrocarbons, and 
exceptionally high ash. F.xcepting even these bogl^ad coals the 
proximate and ultimate constituents v-ry .vithin such wide limits 
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thitt it is impossible to correlate properties and composition, but 
clearly there are certain bodies present in canmjls which on destruc¬ 
tive distillation yield a much, higher proportion of relatively stable 
gaseous hydrocarbons than is tho caso with ordinary bituminous 
coals. The following Table XVI. shows tho ultimate and proximate 
composition of tho combustible constituents of typical boghead and 
cannel coals:— 


tabu: xvi. 

Composition ok Boom ,ad and (’inski. f.nj.s. 



Total 
< *rlx-n. 

HylroRfii 

Oxyc«*n 

hxnl 
tarb n 

■ VoUtiJo 
' hjr«1r.- 
i at Iwnia. 

A (ili »n 
i iliy « «wl. 

Boghead cannol (Toi-i 
bano Hill) . . . 

78-1 , 

io i:i 

11 17 

12 2 

! 87'8 

33-0 

St. Helens. 

70 0 

r. o. f > 

14 07 

17 25 

52*75 

: 3 05 

Wigan. 

S2 1 . 

5 70 

11*90 



1 2 70 

~~ - 

- 

■ — 

— 


- 
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Tbo proportion of volatile hydrocarbons to the “fixed carbon” 
usually is high (60-30), hut there arc many exceptions in which this 
ratio is no higher than in an ordinary bituminous coal (33-66). 
Lesmahagow cannel is frequently taken as a staudard of comparison 
for gas-making purposes, and from various authorities tho ratio of 
tbo above proximate constituents on the pure combustible is— 

Volatile hydrocarbons .... 61 66 per cent. 

Fixed carbon.41-16 „ 


Bituminous Coai.s 

It has been shown that the amount of volatile hydrocarbons 
present in tho coal substance is the principal determining factor 
on the properties of the coal, and affords the most useful basis of 
classification. The volatile hydrocarbons consequently govorn largely 
the character of tho combustion, determine its suitability for special 
purposes, and the design of grates and furnaeos for the moat efficient 
combustion of the different classes, of coal. 

Flame is produced entirely by tho combustion of theso distillation 
products, which form a mixture of hydrocarbon gases and vapours, 
complex tarry vapours, etc. Smoke results en^'rely from the^- in¬ 
complete combustion. It follows that the proportion of the total 
beating units of a coal derived from combustion on the grate and in 
the combustion spaces respectively vary with tho amount of volatile 
matter. ,Dr. Schniewind.estimates that in a coking coal 72 per oent. 
of the heat unitf are available in the coke, 23 per cent, in the gases^ 
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and 5 per cent, in the tar. For bituminous ooale it may be taken 
approximately that ine-third of the heat units are present in the 
volatile hydrocarbons. Owing, however, to variation in composition 
of the volatile matter, its heating value is not always proportional to 
the amount in different coals. 

* Where intense local hoating is required, it follows that a fuel with 
little volatile matter must lie employed, such as anthracite; whereas, 
on the other hand, whore long flame is essential, as in a reverberatory 
furnace, the proportion of volatile matter, which provides the neces¬ 
sary combustiblo gases, must be high; that is, the greatest number of 
heat units possible must bo obtained away from the grate. For 
steam-raising these considerations obviously will govorn tho relation¬ 
ship betwoon grate area and combustion space, the admission of air 
above and below tho grate, for tho host results to bo obtained for coal 
of a given typo. 

For steam-raising then, although high calorific value is essontial, 
other considerations are equally important, and these depend largely 
on the amount of volatile constituents. The effect of rtsh and 
moisture has alroady been dealt with. Tho ignition point of coals 
low in volatile matter is high (p. 5), and generally the rate of com¬ 
bustion is low, so that strong draught is necessary; bituminous non¬ 
coking coal ignites easily, and burns roadily with modorate draught. 

Constam and Sohliipfor have investigated the influence of volatile 
constituents on combustion (see Eng. 1909, xc. 93), and found that 
coals containing about 20 per cont. (calculated on the combustible) 
yield tho highest temperature and thermal efficiency. With too high 
volatile matter gases escape unburnt, and excossive air must be 
admitted above tho grate; and, on the other hand, with low volatile 
matter an oxcessive air supply is requisite for the fuel on the grate. 
Further, whilst the carbon from any coal yields the same number of 
heat units, equal woights of the volatile constituents develop com¬ 
paratively loss heat as tho volatile matter increases. The highest 
economic ofliciency will bo attained, therefore, with coals of medium 
volatile content, say, from 16 to 23 per cent. 

Tho steaming capacity, or output of the boiler, will be dependent 
on the furnace tomperaturo, wbioh again is dependent on oalorifio 
valuo, but more especially on tho rate at which the coal can be con¬ 
sumed, anything tending to lowor this being prejudicial. Jfhe influ- 
encbyOf ash has beek considered ; very small cojil, by interfering with 
the free passage of air, will greatly affect this, so also will tendency 
to cake, which, if the draught is moderate, may seriously lower the 
rate. It follows, therefore, that the ratio of grate area to heating 
Burfaoe and the draught conditions for a give i coal mayyieli far from 
the best result with another coal, and th’erefXre that the selection 8f a 
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coaf (or given conditions is dependent on many considerations outside 
of calorific value. Although fine coal interferes with combustion, 
small coal frequently is an excellent fuel if free from dust; uniformity 
of size is desirable in general. 

By far the largest proportion of coal in common use for steam¬ 
raising contains very much higher volatile matter than that found 
most economical by Constam and Schlapfor. Complete combustion 
without objectionable smoke is difficult to onsure, even with con¬ 
siderable excess of air, unless some suitable form of mechanical 
stoker is employed. Good efficiency can be obtainod, but this 
necessitates careful and scientific control of the combustion by atten¬ 
tion to the composition of the flue gas; without such attention the 
losses generally are enormous. 

In producer-gas practico the volntilo constituents of tho fuel 
govern entiroly its suitability for different types of producers, or, con¬ 
versely, the design of tho plant for the most economical fuel available. 
Again, the presence or absence of volatile constituents will determine 
largely'fche character of tho gas; where present tho latter will 
obviously copyist of a mixture of tho products of destructive distilla¬ 
tion (coal gas) with producer gas proper, und since the former has 
the higher calorific value, the mixture should be richer than that 
obtained from a fuel yielding practically only producer gas, such as 
from anthraeite. Part of the products of destructive distillation of a 
bituminous fuel must bo tar, and it is the difficulty of removing this 
in most suction plants that limits the choice of fuel to anthracite or 
coke. The question of tar may uot bo altogether one of quantity; it 
may be that tho character of the tar from certain forms of coal is 
very different from that of others, and can bo dealt with more easily, 
but this requires extended investigation. 

Caking coal is inadmissible in producer practice; it would need 
constant poking to work it, and largo channels would form, through 
which the blast would pass and fail to yield good combustible gas. 
Uniformity of size is another important factor. The influence of tho 
fusibility of the ash has been dealt with already (p. 40), but it should bo 
mentioned that a coal with a very low and infusible ash sometimes 
does not give nearly such satisfactory results as a coal of fairly 
high ash. 

Coking coal is distinguished from other bituminous coals by its 
property of undergoing a partial fusion when subjected to heat, snd, 
decomposition ^ ensuing at the same time, tho gases evolved gYve a 
cellular structure to the coke. The coal loses its original form and 
structure entirely, thus distinguishing it from coals which do not 
possess ^lis property of Jusion, the cokes from the latter inheriting 
m<*e or less th^ original %hape of tho lump and frequently retaining 
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their individuality. Necessarily there are intermediate grades between 
these extremes, and,a coal may possess the fusion property only in a 
moderate degree, so 1 that selection of a suitable form of oven and 
carbonizing conditions is essential to* the production of serviceable 
coke from it. 

’ Reference has been mado already to the impossibility of corre¬ 
lating this fusing property with the ultimate composition of the coal. 
Eesults from a particular coal hold aro somotimes fairly concordant, 
and this has given riso to the fixing of dogmatic limits of compositidn 
within which coking properties aro found, but these same limits aro 
frequently quite inapplicable to another coal field. It is certain, 
however, that as tho coals approach the lignites on the one hand, and 
anthracites on tho other, no tcndoncy to coke is observed. Lewes 
has discussod tho question of tho probable constituents of coal before 
tho Royal Socioty of Arts (Cantor Lectures on The Carbonization of 
Goal, 1012), and comes to tho following conclusions, assuming, as all 
presont ovidonco justifies, that tho various coals owe their character¬ 
istic properties to varying total amounts and individual ^patios of 
humic bodies, resinous products and hydrocarbons, coking is depen¬ 
dent on a high ratio of tho latter two to tho humic 'derivatives of 
oolluloso 1 ; in non-coking highly bituminous coals (lignitious and 
ligno-bituminous) tho humic bodies predominate, whilst, as anthracite 
coals aro roachod, the humic bodies aro removed almost completely, 
but tho resinous products and hydrocarbons aro present in such 
small amouut as to ho incapable of exercising their binding effect on 
decomposition. 

Whilst tho nature of these so-called “ resinous bodies and hydro¬ 
carbons ’’ is quite undetermined at present, there can be no doubt 
but that they break up first into gases, vapours, and pitch, which 
latter doposits amongst tho coal substance already more or less itself 
decomposed, and as tho temperature rises this pasty pitch undergoes 
further decomposition, leaving a cellular rosiduo of carbon luting 
together firmly tho carbon residue from tho other coal constituents, a 
view which receives considerable support from the fact that quite 
firm coke may bo made by incorporating coal-tar pitch with anthra¬ 
cite or semi-anthracite coals. 

, Authorities aro agreed that the only sure guide to determine 
whether a coal is suitable for coking is a practical test. Valuable 
information often ^s to be gained from the nature of'the coke 
obtained during proximate analysis in a platinum crucible, but the 
rate of heating in some cases may modify considerably the result. 
Rapid beating will, with some coals, drive off all the volatile hydro¬ 
carbons so quickly that the cementing aotipn of the pitch has little 
chance, whereas slow heating may yields far coke. The Ca'mpredon 
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coking test is designed to give a “ coking index " for various coals; it 
represents the amount of fine whito sand which 1 gram of the coal is 
capable of just binding into a cohorent mass. A good coking coal 
will cohere with 9 to 15 grams of sand. Lessing (/. S. C. I. 1912, 
671), has proposed a new method of ascertaining the character of the 
coke. The method is referred to in detail on p. 301. Porter and 
Durloy recommend a test on 50 lbs. of the coal, brought into the con¬ 
dition in which it would be in practico, packed into a rectangular box 
with perforations and lined with paper to prevent small coal falling 
out. This is placed in a coke oven with the ordinary clmrgo, drawn 
at tho same time as the charge, lightly quenched and weighed. 


Navigation, Bunkkr, and Smokeless Steam Coals 

No term descriptive of coal is employed so widely as that of 
“ steam coal,” which appears to include all coals except the strongly 
caking and anthracites. Tho abovo coals aro used principally for 
navigation purposes, and are of a less bituminous charactor than the 
steam coals.in general use for manufacturing purposos. Scotch 
Navigation coals aro frequently almost identical in composition 
with some of the best coking coals, but of course must have little 
tendency to cake. Tho volatile matter is moderatoly high, so that 
smoke is inevitable under marine boilers. The following is an 
average composition taken from five coals:— 


Total 

carbon. 

| 

Hydrogen, j 

1 

Sulphur. 

i 1 

1 Nitrogen, j 

Oxygen. 

Fixed carbon 

Volatile 

hydro¬ 

carbon*. 

87 6 
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0-7 

: i 

! 15 | 

i 

6*3 
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Bunker coals and smokeless steam coal are the well-known 
valuable Welsh coals. Similar coals to the former have been shown 
by borings to exist in the Kent coal fields. Both these coals are bo 
low in volatile matter that there is no difficulty in burning with little 
or no smoke, and the difference between them broadly is that, owing 
to somewhat higher volatile matter, the bunker coals aro not entirely 
smokeless; they are second-grade smokeless coal. Obviously no 
hard lino can be drawn between the two. Such coals bum freely 
with a fair draught, and show no tendency to Sake. Prom a’, crage 
analyses of both classes their relationship is given below:— 
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Oxygen. 
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Anthracite 


Anthracite is the least widely distributed of tho coals and one of 
the most valuable. A great increase in the demand has arisen sinco 
the introduction of suction gas plants. The most notable deposits 
are those of South Wales and Pennsylvania, in both of which anthra¬ 
cite of very high quality is obtained. Anthracite is hard and lustrous, 
and does not soil tho fingers. The ash is lower than in bituminous 
coals. In many parts coals of tho composition of the best anthracites 
are found, which have resulted from tho intrusion of igneous rocks 
into bituminous coal measures. Here the ash is higher than in the 
unaltered coal, and such anthracitic coal may bo regarded reSfly as a 
semi-coke. True anthracite appears to derivo its special characteristics 
from the. nature of the original deposited carbonaceous matter, or 
from changes brought about in it very shortly aftor deposition, and 
existod as anthracite before denudation or serious disturbance of the 
strata took plaeo. Whore great subsequent disturbance of the strata 
has takeu place, tho anthracite still has the same characters and 
composition, but has become broken down into a coarse powder called 
“ culm." 

Two grades are commercially recognized in South Wales, anthra¬ 
cite proper, which contains less than 8 per cent, of volatilo hydro¬ 
carbons with 93 per cent, or over of carbon, and a lowor grado, with 
a higher percentage of volatile matter. Still moro nearly approaching 
the Wolsh smokeloss steam coals are tho Scotch anthracites, in which 
tho volatilo hydrocarbons approximate to about 12 por cont. Tho 
following compositions may bo taken as typical 


Total 

carbon. 


i Hydrogen 


Sulphur. 


Nitrogen 

and 

oxygen. 


Fixed 

carbon. 


Volatilo 

hydro¬ 

carbon!. 


Scotch . . . . 
We'itfi (2nd grado) 
Woliff (best) . . 


90!) 



4 2 09 40 

4 2 13 3 0 

3-2 0-8 2 » 


87 0 
905 
945 


130 

95 

55 


IV.] 


BRITISH COALS 


Composition op Coals op the British Empire 

Great Britain.—In Table* XVII. (p. GO) tho author has sum¬ 
marized the information on the composition of over 270 samples of 
coals of Great Britain. The data for many important fields aro very 
incomplete, and serve to emphasize the necessity for a thorough syste¬ 
matic study of the composition of our coals. In commercial practice 
it is seldom necessary to make a completo analysis, and the ultimate 
composition, so essential for comparison, very rarely need be ascer¬ 
tained, which accounts for the difficulty of obtaining data in most 
instances. A very valuable collection of analysos, mainly of com¬ 
mercial form, has been published by the Colliery Omnium for somo 
hundreds of British coals. For a propor knowledge of the composition 
of our coals it is essential to havo both proximate and ultimato analyses 
and rcliablo data as to calorific value. In geuoral, when tho calorifio 
value has been givon for a coal the typo of calorimeter omployod is 
soldoir^nentioned; whoro mentionod, it is rarely of an accurate 
type; in many instances the result has been obtained by calculation. 
So much uncertainty exists on this point that calorific values havo 
been omitted from tho Table. 

Tho data in connection with Indian and Golonial coal3 aro very 
incomplete, being conlinod almost entirely to proximate analyses. 
Dunstan has published a paper on “ Tho Coal Resources of India " 
(Journ. Boy. Soc. Arts, 1902,50, 371), in which the proximate composi¬ 
tion of a large numbor of coals is given, and a fow ultimate analyses. 
The results have been summarized in Tablo XVIII. (p. G2), and 
will serve to indicate tho general character of those coals. It will bo 
seen that the majority are either lignites or lio botwoon tho true 
bituminous coals and tho lignites, forming classes similar to tho 
lignitious and ligno-bituminous coals (p. 50). In addition, however, 
coals aro found in Bengal and Central India agreeing woll in com¬ 
position with some of tho best English coking coals, and many Indian 
coals yield excellent coke. Practically all Indian coals contain 
exceptionally high ash and aro generally very soft and friable. 
Immense deposits occur, and some of tho seams are of remarkable 
thickness, one bed in Assam being 100 foot thick, and tho greater 
part excellent coal. It will be soon that this Assam coal averages 
muoh lovJer ash than Indian coals generally. 

Australia.—Large deposits of coal are found in Queensland and 
New South Wales, the latter deriving its name from the ocourrenoe. 
The output is greater than for any other colony, amqpnting to from 
7'5 to 8jnilli*a tons. There is little information available, however, 
as to composition, but lignitSs and highly bituminous coal} occur in 
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Average composition and upper and lower limits calculated on the pure combustible (i.e. moisture and ash free). 
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large quantities, and in places where there has Won great disturbance 
of strata and igneous intrusions the bituminous coal lias been con¬ 
verted into a natural coke, there boing various gradations between 
the extremes. 

In a report on “ The Coal Resources of Now South Wales ” (titol, 
Surv., K.S. 1)'., 1912), proximate analyses of 194 represents! ive samples 
are given. The following summarizes the results . - 


i'oaI Field. 

Northern. 

Western. 

Southern. 


Ipperand Middle. .Lower 

I'pptr. 

I'pper 

Fixed carbon . 

. . . 59-7 04-4 

022 

73-0 

Volatile bydrocai 

bons . 40-3 40’0 

37-8 

27 0 

Ash on (h i/ coal 

. . . 8-9 7-10 

12 8 

11 75 


An analysis may also be quoted of a coal which appears to agree 
closely with the well-known Torbano Hill cannol - 


Fi***«l carbon. Volatile hydrocarbon*. Aslt on dry coal. 

28-5 715 31-8 


Canada. —Coal is widely distributed in Canada, but many of the 
seams are Jhin, and frequently yield little coal worth working. 
Bituminous coals of tho Carboniforous period are found, principally 
in Nova Scotia and New Brunswick. East of the Rocky Mountains, 
lying largely in Manitoba, there are immense deposits of lignite, 
which is tho chief fuel of this colony, and is the parent substance 
from which bituminous coals and coals of anthracitic character, 
found to tho west of tho region, have been derived through dis¬ 
turbance of strata. In British Columbia deposits of excellent coal 
are found, many of which yield good coke, and to the south anthra¬ 
cites occur. 

A Summary Report of the Mines Branch of tho Canadian Depart¬ 
ment of Mines (1909) gives a preliminary account of systematic 
investigations on tho Canadian coals. The estimated contents of the 
different fields are:— 


1. Maritime Provinces (Nova Scotia, etc.): bituminous, 10,000 

million tons. 

2. Central Plains and Eastern Rocky Mountains: anthracite, 

400 million tons; bituminous, 80,000 million tons; lignite, 
80,000 million tons. 

3. Pacific Coast and Western Mountains: anthracite, 10,000 . 

million tong; bituminous, 2000 million tons; lignite,- lOOti 
millian tons. 

4. Arctic Mackenzie basin: lignite only, 500 million tons. 

The Nov^,Scotia coa,'s closely resemble English and Scotch coals, 
but usually havp a higher ash and sulphur. 
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The coals in section 2 are of very variable character and h&ve 
high ash; some excellent coals are however found. 

Very few analyses are available, but Hie following are typical:— 

Fixed 
carbon. 

Lignites. 54 

Bituminous coal (Nova Scotia) . . ' | ^ jj 

'Coking coal (Bighorn, Alberta) . . 75 2 

New Zealand.—Tho coals, which occur in both the North and 
South Islands, are of considerable importance. The main deposits 
are of lignitious character, but various gradations of bituminous coals, 
including coking and good quality steam coal to anthracite, are 
found, apparently all derived from lignites by intrusions. Large 
quantities of steam coal are sbippod for Admiralty use in the East. 

A very large uumbor of proximate analyses of Now Zealand coals, 
together with bomb determination of calorific value, aro to iy found 
in the Reports of the Dominion Laboratory, Mines Dept., Nos. 40, 
41, 42, and in a paper by A. M. Wright (J. 0. S. I. 1905, 1213). 
Prom these two sources the data of Table XIX. have been 
obtained:— 


Volatile Aab on 
hydrocarbon!, dry coal. 

4G 8-3 

3G-5 1-8 

28-3 5-1 

24-8 7-1 


TABLE XIX. 


Composition op Nkw Zealand Coai.s. 



Fixed carbon. 

Volatile 

hydrocarbons. 

Ash on dry coal. 

! Average 
| moisture. 

Lignites (4). 

43-7jI;:» 

56-3$:!; 

6'3f 

[ 28percent. 

Brown coals (3). 

44-5j^ 

65'5 

7-7 f 

39 f 

20 percent. 

Bituminous (12) .... 

62-6 15? 

37-5 

»•«/ 

101 


Steam (4 typical) as shipped 

890 

110 

100 


for Admiralty 

Anthracites (?) “ Mammoth " 

78-7 

21-3 

150 


•• 

82-8 

17'2 

5-2 


Anthracite (Wairo).... 

98‘7 

63 

31 



In some New Zealand coals tho sulphur content is unusually high. 

NHouth Africa.—Coal is distributed over a wide area, which in¬ 
cludes Cape Colony, Natal, Transvaal, Southern Rhodesia, Zululand, 
and Swaziland. Tho output of the Transvaal is about 2-75 million 
tons, and of N^al 1-25 million tons. Most of the seams are thin, 
and frequently dirt bands are interspersed, yhe coals generally have 
a high ash, but the sulphur content is !qw. 
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llost of the coal is of a soft bituminous hind, but in Zuhiland and 
Swaziland anthracitic coals and anthracites are itmud. Some of tho 
Transvaal coals arc stated to resemble Welsh steam, hut this appears 
to be based upon the composition when their high ash is included. 
When the composition on the combustiblo is considered, the volatile 
hydrocarbons are far higher than in the Welsh coal. Ono analysis of 
a Swaziland coal (see Tablo XX.) doos closely ngreo with the best 
Welsh coals, and some of the Natal coals approximate to the second 
grade steam or bunker coals of South Wales, but tho ash is some¬ 
what higher. Only ono completo analysis can be quoted:— 

Transvaal Coal (A. Whitby). 


Carbon.85-2 Oxygen.6'87 

Hydrogen..0 53 Fixed carton . . . G8 0 

Sulphur. 0 03 Volatile hydrocarbons 32 0 

Nitrogen.187 Ash on dry coal . . ll'O 


TABLE XX. 

Proximate Comivsition ok South African Coai.r. 


Volatile ! Anil oh 
1 ) ydr<M urliotiN ' dry cot 1 . 


Transvaal — 

Steam coal (Transvaal and Delagua Bayt 

Collieries).' 

Koomati Poort. 

Natal— 

Navigation Collieries. 

Dundee. 

Zululand — 

Indewa. 

Anthracitic coals. 

Svxuriland — 

Steam coal. 

Anthracites (4). 


72 0 

28 0 

150 

74-4 

25 G 

10-9 

81-4 

180 

11-5 

77-2 | 

23 8 j 

8-7 

85-2 

14-8 

2P4 

191 4 

8 C i 


\8U0 

110 | 

19-4 

87 0 

13 0 

5-2 

95*4 HI 

4*6 R 

«3 

»•« 


The following limits are stated to include the composition 
bituminous coals of the Transvaal, results being on the whole 
coals:— * 


Fixed carbon . . . 51*0-60*6 Ash . . . . # . 14*7-21*5 
Volatile hydrocarbons 2!-8-25-8 Sulphur.0‘5-2*0 

Moisture 1-5 

* 
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The coal production of the world has reached the enormous total 
of 1250 million tonfi Whilst for many years Great Britain produced 
by far the largest quantity of coal, tljo output of the United States 
now greatly surpasses it. To the above output the British Empire 
contributes about 27 per cent.; the United States, 43 per cent.; 
•Germany, 15*0 per cont. Of the British output the United Kingdom 
contributes over 80 per cent., the remaining 14 per cent, being dis¬ 
tributed as follows: British India, 4 per cent.; Australia and Canada, 
cgch 3-5 per cent.; South Africa, over 2 per cent.; New Zealand, 
under 1 per cent. 


Physical Properties of Coal 

Specific Gravity and Stowage Capacity.—The specific gravity of 
coal is dopendont upon two variables—the character of the com¬ 
bustible portion and the proportion of ash; the latter being of much 
higher density than the coal substance, and consequently exercising 
considerable influence on tho specific gravity of the whole coal. The 
specifio gravity varies botween 1-27 and 1-45; 'only in exceptional 
cases will it fall outside theso limits. On an average anthracite is 
from ID to 15 per cent, denser than bituminous coals. 

The stowage capacity, or number of cubic feot per ton, will depend 
upon the specifio gravity and size of the coal (relation of air spaces to 
solid). From tho figures of the Admiralty Investigation on Coal it 
may be taken that:— 

1 ton of Welsh coal.= 40-42 cubic ft. per ion 

1 ton of Newcastle or Lancashire coal = 45 cubic ft. per ton 
1 ton of Scotch coal.= 47-50 cubic ft. per ton 

Coherence,—Tho resistance to breakage on handling is a most 
important factor; coals of Otherwise excellent character are some¬ 
times so soft that they are broken down during transport, with the 
production of so much small coal as to detract seriously from their 
value. Many of the Indian coals are of this friable character. The 
waste in mining such coals is also great, and much 'of the small can 
be utilized economically only by briquetting or in producers. In 
shipment by older methods of tipping great crushing frequently 
itcylts, whioh besides giving so much small coal, has a* most im¬ 
portant influence on the liability to spontaneous ignition. 

Calorifie Value.—This is obviously one of the most important pro¬ 
perties of a coal which is to be employed by direct combustion, and 
although in practice it is only possible, even underethe best con¬ 
ditions, to utilize a portion of the heat 8 units of the duel, it has been 
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demonstrated conclusively in the United States Fuel Tests that the 
practical heating effect under a boiler, when proper attention is given 
to the conditions of combustion, is strictly proportional to the calorific 
value as determined in a bomb caloriinoter. 

The calorific value of a coal or any fuel will bo depondont upon 
the amount of combustiblo matter present and tho calorific value of 
this combustible. Since the amount of non-combustible material 
present (ash and moisture, principally) varies over very wide limits 
for coals of the same type and having practically tho same composi¬ 
tion for the combustiblo, comparison of composition and calorifio 
value betweon such coals can only Ixj properly made when these 
variables are eliminated. In all oxamplos given of tho composition 
and calorifio value, the results are calculated on tho pure com¬ 
bustible, i.e. on tho dry and ash-froo coal. Where a comparison 
is required botwoen individual coals for practical purposes, the ash 
and moisture necessarily must be ineludod. 

The calorific value of the combustible may bo regarded [as tho 
sum of the heat units of the fixed carbon and volatile hydrocarbons; 
tho calorific valuo of tho former is practically constant for all coals 
(8000 calories; 14,400 B.Th.U.); but whilst for a large number the 
composition and heating value of the volatilo hydrocarbons are also 
the same, this is not invariably tho case, especially with coals of tlm 
same proximate composition but from ditToront coal fiolds. Parr and 
Wheeler (Univ. of 111., Eng. Experimental Station, Bull. 37, 1909) 
conclude that for American coals tho composition of the coal sub¬ 
stance from a givon deposit is very uniform, and affords a basis for 
estimating tho calorific value of aDy similar coal of tho district, 
after the proximate composition has been determined and proper 
allowance made for the volatile constituents of the ash (combined 
water, carbon dioxide, etc.). This pure coal substance they term 
the “ unit coal" of the district. Whilst for the majority of the 
British coal measures the data are insufficient for a comparison, 
the author believes that there is good evidence of this uniformity 
in certain of the Durham, Northumberland, and Clyde Basin 
measures. 

The methods of determining and calculating calorific values and 
the reliance to be placed on tho various methods are discussed in 
detail in Chapter XVIII.; here it is sufficient to point out that whi]** 
a very large number of previously recorded values may be accurate, 
they are open (& the suspicion of considerable error, owing to their 
having been arrived at either by calculation or by determination in 
calorimeters liable to grave errors. For scientific purposes some 
form of bomb Calorimeter is essential, and only results obtained in 
thjj manner are’included below, where the approximate fange of * 
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calorific value of the pure combustible is given for the principal 
commercial classes of coal 


Splint coals . . 7700-81. r >0 
• Bituminous . . 8000-8700 
Coking .... 8300-8000 
Smokeless steam 8700-8900 
Anthracite . . 8700-8800 


n.rii.u. 

13,850-14,050 
14,000-15,300 
14,940-15,480 
15,050-1G,000 
15.G50—15,800 


The ignition point of coals has boon given on p. 5. 

Endothermic Character of Coal.—For many years it was con¬ 
sidered that some of tho heat of combustion of the coal was expended 
in breaking down the compounds into more simplo forms before 
further combustion took place, and the frequent discrepancy between 
calculated and determined calorific values was also ascribed to this. 
From a comparison botwoen the rosults actually obtained in a bomb 
calorimeter and those calculated from ultimato composition, the 
former boing almost invariably tho greater, and from tho fact that 
the heat units available in tho products of destructive distillation are 
less than those of the coal itself, there can he little doubt but that 
coal is an endothermic substance, and givos out on burning not only 
heat by tho combustion of tho coal substance but some additional 
heat, which may be regarded as rendered latent at the time of its 
formation. In gonoral this oxcess of heat units is greater with high 
oxygen eontont, and has praotically disappeared when the anthracite 
Goals are reached. Sufficient data are not available for any exact 
statement, but with bituminous coals from 1-5 to 3 per cent, of the 
total heating value appears to bo due to this endothermic property. 



Chapter V 


TREATMENT AND STORAGE OF COAL. BRIQUETTES 
AND TOWDERED COAL 

Preparation of Coal—A thick clean seam may require no spocial 
treatment before marketing. If the coal is “ holed ’’ the small and 
dust may be considerable and require screening, and if tho " holing " 
is in the dirt, and care is taken to clear this properly before tho ooal 
is allowed to fall, a good product is obtainable. 

Where dirt bands, bone coal, pyrites, etc., ocour, or whon adjoin* 
ing strata are inevitably mixed with tho coal, somo form of washing 
is very necessary. This is becoming more and more essential as 
the better class seams are workod out, and poorer soams, in whioh 
dirt is present, have to bo mined to render an otherwise unmarket¬ 
able or low-priced product remunerative. From tho point of view of 
properly economizing our coal deposits tho use of those poorer seams 
is an important question, the solution of which lies in tho adoption of 
suitable methods of cleaning. 

Space does not permit of a dotailed description of washing 
plant, etc.; the reader is referred to two excellent papers by 
W. McD. Mackey (J. 8. C. I. 1901, 431), and Professor 11. Louis 
(J. S. C. I. 1911, 002). Screening is the lirst operation when tho 
coal has to be treated, to separate tho larger coal from the small, 
the latter being afterwards separately screened. With very tender 
ooals ordinary methods of screening through the revolving or jigging 
screens lead to too much breakage, and a system of fixed bars 
alternated with moving bars independently operated, which throws 
the coal forward, is employed. Large coal goes directly to some 
form of travelling plane, a belt or rotating table, and as the coal is 
passed forward bad pieces are picked out by hand. 

The small coal is sorted into various commercial sizes. Accord¬ 
ing to Louis the following are usual, although there is some variation 
with locality 

Gqbblos 


Nuts.} to 1} inch 

Beans.* or £ to J inch 


Reas ...... . down to £ inch 
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These smaller siies alone are washed, the general principle of the 
operation being that owing to the difference of specific gravity 
between the pure coal (sp. gr. for bituminous averages 1-3) and the 
impurities, bone coal (sp. gr. 1-5 to 1-8), shale (sp. gr. 2-5), and 
pyrites (sp. gr. 5 or over), material of approximately the same size 
will, on treatment in a stream of water, be separated, the heavier 
particles settling under a given velocity,->while the lighter coal is 
carried away, Obviously larger pieces of coal will settle at the 
same rale as much smaller pieces of dirt, hence the necessity for 
practically uniform sizo in a given washer; furthor, very small coal 
and dirt will not soparato, owing to the effect of surface friction over¬ 
whelming the effect of difference of specific gravity. 

The goneral classes of washing plant may be summarized as 
followstrough-washers with dams at intervals, the coal and water 
passing down the inclined trough, when the heavier dirt is retained 
by the dams; troughs in which movable dams are worked upwards, 
the coal usually being fed near the centre, when the water carries 
the coal downwards, the moving dams carrying the dirt to the upper 
end. Although tho water is used several times the consumption 
with both typos is high, and to obviate this pulsating washers or 
jigs aro employed. An upward and downward movement of water 
is obtained by means of a plunger working in a cylinder forming part 
of the washor; tho coal is fed on to a suitable screen in tho water, 
and as the wator pulsates' up through tho coal the latter is carried 
over at a suitable level, and the heavier dirt, passing through an 
opening, falls through tho water in the lower part of tho tank. Tho 
same result may bo attainod by causing a siove to ascend and 
descend rapidly in water. For tho finer coals feldspar is em¬ 
ployed on the grid in tho washer. Very fine coal forms slimes 
with wator from which separation is difficult, and large settling 
tanks are employed. It is noted that such vory fine coal mixed 
with coal for coking frequently improves greatly the quality of 
the coke. 

The net result of washing, besides that of economy, is a great 
reduction in the percentage of ash and of sulphur derived from 
pyrites. Organio sulphur, being part of the coal substance, is not 
affected. Thorough draining of the washed coal must be allowed, 
otherwise the moisture content will be very excessive. I’oolq{J. S. C. I. 

■'1^81,662) gives tlfe following results 
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60 tor Mtmplet, C*pe Breton. 


l 

■ > 

* 

3 

• 
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-- - 1 
! 

Dominion coil. 

Ash. 

1 

S. 1 

Ash. 

s. j a th. j s. ; 

Aah. j 


Ash. 

• 

8. 

Raw . . * 7-5 

3-24 

15-00 

3-02 ! 11-00 4-23 

1 

! 11-55 j 

r 

ft 20 

1007 

2-38 

Washed . | 4 37 

a-38 

705 

2-87 i 650 ! 312 

! i 

0 01 1 

3 15 

4 82 

17<J 


The cost of washing naturally will vary greatly with tho character 
of tho coal, plant adopted, its wator consumption, otc. It may bo 
taken to average 2d. to id. per ton, and the valuo of tho coal is 
generally enhanced by 6 d. to Id. per ton. 

In order to dotormine in the laboratory tho amount of coal likely 
to be obtainod by suitable washing, 100 grams of tho crushed and 
sized coal may bo submitted to test with solutions of suitable gravity. 
Mackey recommends potassium carbonate solution of specific gravity 
ranging from T25 by increments of 01 to that of the saturated 
solution 1-53; Louis uses solutions of zinc iodide, specifio gravity 
ranging from 1-4 to 1-7. The quantity of suspended material in tho 
different solutions may be estimated by filtration (proforably with a- 
filter pump), rapidly washing, drying and weighing, after whioh 
separate determinations of the ash may be made, 

(Combustion of Coal and Formation of Bmoke.—The combustible 
elements of coal consist entirely of carbon, hydrogen, and a portion 
of the sulphur, and when their combustion is properly completed tho 
flue gases should contain only carbon dioxide, water ^vapour, and 
sulphur dioxide, in addition to the largo volume of nitrogon which 
accompanied tho oxygen of the air used up in the procoss. The) 
theoretical amount of air for fuel of any given composition can bej 
calculated readily, but in practice it is found impossible to get the 
best results without considerable excess of air.) J 

Combustion of coal is in practice a compromise; it means striking 
t he best balance possible be tween losses of heat umfijthrough 

in complete nnmhnal.inn pn l.hn ana ha ml, and losses .through heat_ 

units carried aw ay in t he flu e gases by an excessive supply of air on 
th e other hand. The calculation of the theoretical supply oT liirand 
the losseb through the last-named causes are .dealt with fully, 
Chapters I. jnd XIK. Here, it is only necessary to deal with the 
question of iniomplete combustion, more particularly in its relation 
to the formation of smoke. 

Theoretically, an average bituminous coal requires 11 lbs. of air 
or 110 cubic f^et per lb., I|ut perfect combustion under the best 
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conditions cannot be Attained without 20 per cent, excess, say ,'.?0 cubio 
feet. I ncom plete eoybustion may exi gt with out Vl '° ;hla ic e when 
c arbon is pa rtly burned to carbon m onoxide inste ad of thn dioxide, 
and,when hydrocarbon gases pscaptfunburnt. _Visible evi dence of 
incomplete combustion is given by the formation of s mbfe . ~ When 
carboh is burnt to carbon monoxide, out of the possible 8110 calories 
per kilogram (or 14,650 B.Tk.U. per lb.) only 2490 calories (or 4480 
B.Th.U.) are actually produced. With escaping hydrocarbon gases 
the losses may also be very high, since thoso gases have a very high 
calorific value. The conditions favourable to the formation of carbon 
monoxido aro a thick fuel bed (see Theory of Producer Gas Reactions 
p. 208) and insuflieient supply of air over the bed. The 20 per cent, 
excess air will ensure against both these losses with reasonable 
managomont, but by no means ensures absence of smoke when 
othor very important factors are involvodj 
((Smoko is formed from the distillation products of the coal, which, 
owing to imperfect systoms of firing and furnace arrangements, 
escapo boforo combustion is complotedj |obviously, the smaller the 
amount of volatile matter commensurate with free burning proper¬ 
ties, the loss the liability to smoko, which explains the special 
characteristic of the Welsh smokeless coals./] The production of 
smoke is best understood by following the sequence of events when 
a bituminous fuel is hand-fired. A layer of white hot solid carbon 
is on the firebars, with probably an excoss of highly-heated air 
passing through; coal is thrown in and partially checks the hot air 
supply over a portion of the grate; there is a local sudden cooling 
due to cold coal and tho evaporation of moisture from the coal, and 
a rush of cold air through the open door produces general lowering 
of temperature over tho grate. Possibly the interaction between 
steam and carbon, which absorbs heat no matter whether producing 
carbon dioxide or tho monoxide together with hydrogen, also exercises 
a minor oooling effeot. Almost immediately the destructive distil¬ 
lation of the coal sets in, and with small coal this may be extremely 
rapid, with the evolution of largo volumes of combustible gases and 
vapours over a small interval of time. 

A ton of bituminous coal will yield 11,000 cubio feet of gas, and 
in addition large volumes of vaporized products (the tars resulting 
in gas manufacture), giving a total whioh may be taken approxi¬ 
mately at 13,000-14,000 cubic feet per ton, or about 6 cubic feet 
per lb. of coal oharged. With a moderate ohar'ge of 40 lbs. of coal 
this means that some 240 cubio feet of gases are se't free; on an 
average each ou^ic foot will require 3 cubio feet of oxygen or 15 oubio 
feet of air, so that the air supply for complete combustion of these 
volatile products must be 3000 cubio feet. 

< . t . 1 ‘ 
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For the perfect combustion of these gases thsve must be obviously 
no deficiency in oxygen; further, that as intimatfa mixture as possible 
of combustible gas with the necessary oxygen must he made; and 
lastly, that as high a temperature as possible shall be maintained, 
otherwise combustion will be chocked and smoke formed. The 
necessity for the last two conditions is well illustrated by the 
actions with a paraffin lamp. Lighted up without the chimney 
the flame extends itself greatly in its effort to obtain the necessary 
oxygen; owing to this diffusion it becomes so cooled that Bmoke is 
formed freely, and the flame towards its edges is of a rod colour with 
little luminosity, due to its low tomperaturo. With tho chimney 
the air supply is directed properly on to tho flame, which is greatly 
reduced in size, the increase in the intensity of its combustion is 
manifest by the disappearance of the red colour and tho incroase of 
luminosity, and no smoko is formod. If the conditions of com¬ 
bustion of coal under any boiler fails in one of those points, smoko 
will result. 

The supply of the largo number of cubic feet of air during tho 
first few minutes after firing is the first consideration. It is well 
known that keeping the door open for a short timo, or providing for 
sufficient air inlet through suitable louvres in tho door arranged so 
that they may be gradually closed, is effective in preventing smoko, 
if the other conditions named are satisfied, but a good draught is 
essential. When a boiler is working for somo time below its 
maximum, the chimney damper being partly in, there may be diffi¬ 
culty in getting the requisite air ovor tho grate unless an ash pit 
damper is provided. Obviously, tho provision of sufficient air at any 
and every moment will be simplified and better opportunity of propor 
mixture ensured if there is no rush of combustible gasos at any time. 
This will be best attained by a continuous food of fuel, as with 
mechanical stokers, or, if necessarily intermittent, as in hand-firing, 
by the adoption of either a “ coking ” or “ alternate system of 
firing. By charging the fuel on a dead plate just inside the door 
with suitable air admission abovo tho grato, distillation proceeds 
slowly, the products passing with the necessary air over tho highly 
incandescent fuel on the bars, where thoy meet with further excess 
of air at high temperature. When distillation is completed the coked 
mass is distributed over the grate. The objection to the method is 
mainly that it is frequently impossible to burn tho quantity of fu 
requisite, but it is certainly the most scientific method of hand-firing. 

Alternate finng may be either in sections ovor the front and back 
of the grate, or sections to the right or loft. In either case proper 
admixture with air and ^naintenance of the necessary temperature 
are assured, if the furnace construction is a proper one. Neoessarily 
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the more frequent cftsening of the doors with the accompanying lessee 
through excess air lire involved, and success with either coking or 
alternate systems is dependent on the skill of the fireman. 

The question of mechanical stoke/s and their operation is outside 
the scope of the prosont volume, but brief reference to one or two 
points may bo made. All are dependent upon the principle of 
practically continuous feed, with its advantage of uniform evolution 
of the smoke-producing eloments. It is therefore easy to adjust the 
air supply so that, whilst ensuring complete combustion, no un¬ 
necessary excess is employed, whereby tho highest efficiency is 
securod, providing the arrangomont is such that towards the back 
of the grate air is not able to pass freely in through a residue of 
nearly completely consumed fuel. Tho amount of fuel which can bo 
burned per square foot of grate area is highor undor these uniform 
conditions, and consequently the duty of tho boiler is increased, 
which often loads to a reduction in tho number roquisito for a given 
output. Again, it is frequently possible to use a cboaper grade 
of fuel than with hand-firing, and saving in labour costs is also 
effected. 

The second essential for smokoless combustion is efficient mixing 
of the gases and air. This will redueo the length of the flame and 
incroaso its calorific intensity, enabling tho combustion to be com¬ 
pleted boforo an inordinato space, with possible contact with cool 
surfacos, has boon travorsed. A suitable direction to the in-going 
air may be given at the door by plates, etc., and sometimes a steam 
jet or jots can be effectively employed. In an intcrnally-firod boiler 
thore is soldom any difficulty as regards mixing, owing to the rapid 
sweep of the gasos and air towards tho firebridge. 

Tho third condition of maintenance of a high temperature is of 
equal importance to tho supply of sufficient air. In tho domestic 
fire thore can bo no question of any deficiency of air, but its smoke- 
producing powers are obvious and aro due primarily to cooling, and 
to a minor extent to insufficient mixture. In boiler practice it is 
essential that tho mixture of gases, vapours, and air in a state of 
Incomplete combustion shall not come in contact with any surface 
at a comparatively low temperature, such as that at which the boiler 
plates and tubes are. With an internally-fired boiler there must be 
sufficient space between the grate and plates, which will be governed 
targoly by the character of the fuel to be generally employed, that is, 
its percentage of volatile hydrocarbons. With cross-tubes it is 
impossible to avoid this contact. Beyond tho grate and divided from 
it by a firebridge a capacious combustion chamber of firebrick reduces 
the speed of the gases, and enables combustion to.be completed 
before the gases are drawn into the fluqp. In a water-tube boiler the 



COMBUSTION OF COAL 


75 


V-] 

incompletely burned mixture must bo prevent*! from contact with 
the lower tubes, either by suitable arches, bafflo* or fireclay covering 
to the tubes. 

The partial failuro of one or other of those conditions will exercise 
an important influence on the character of the smoke. The researches 
of Burgess and Wheeler indicate that on distillation al low tempera¬ 
tures coal yields chiefly tar-forming bodies and rich hydrocarbon 
gases, while at high tomperaturos, aftor tho former have distillod off, 
other bodies break up, yielding gas very rich in hydrogon. Tho tarry 
bodies (existing partly as heavy vapours and gasos in tha furnace, 
and possibly even as liquid vesicles) and tho hydrocarbon gases will 
differ very much in their combustion. It will bo moro difficult to 
ensure complete admixture of tho former with air, especially if liquid 
vesicles are present, and they will oscapo with vory littlo alteration 
beyond combustion of tho moro volatile portions, giving a brown 
tarry smoko. Tho hydrocarbon gasos will mix moro readily with 
air, and if intensity of combustion is maintained, will undergo com¬ 
plete combustion, but should this bo chocked by cooling, donso clouds 
of black smoko, consisting largely of free carbon, will bo producod. 
Should this free carbon onco be produced no excoss of highly hcatod 
air will cause its combustion, a result which has frequently given 
trouble in burning liquid fuol. Tho high-tomporaturo gaseous pro¬ 
ducts of distillation, consisting mainly of hydrogen, will offer no 
difficulties in combustion; it is tho low-temperaturo products, givon 
off with a rush on firing, and tho character of tboso products which 
are wholly responsible for smoke. Deficiency of air and improper 
mixing will result chiefly in brown (tar) smoko with little froo carbon ; 
checking of combustion will bo the primary factor in tho production 
of black smoke. 

A great doal is made of the losses of fuol due to tho formation of 
smoke, and rosults are quoted frequently showing tho great saving 
in fuel which has resulted when the boiler plant has boon remodelled, 
primarily to overcome tho smoke difficulty and to satisfy the local 
authority. Thesa very great savings are, however, dependent far 
more upon avoidance of heavy losses through excoss air and bad fluo 
gases than upon heat units saved by utilization of tho smoko. Under 
the old system very large oxcess of air was general in tho attempt to 
avoid den^e smoke; with the modernized system it has been possible 
to reduce greatly the air supply and still attain much better com¬ 
bustion. What percentage of the heat units in the fuel actually 
escapes in smoke it is impossible to ascertain directly. From an 
approximate estimate by Cohen and Buston (see .bourn. Oas Ltg. 
1910, llJJ, 201), the amount of soot collected by filtration of the 
air in the manufacturing district in Leeds is qqual to 0 5 pgr cent, op 
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the eoal consumed. I They state the quantity to be over 5 per cent, 
(or domestic fires, end therefore that tho estimate for industrial 
smoke is probably low. The composition .01 the combustible portion 
showed 85 per cent, carbon and 15 'per cent, tarry matter, and on 
this basis it would have a calorifio value of 8500 cals. (15,330 B.Th.U.). 
Alidtving 1 per cent, of the coal escaping as smoko, with average 
bituminous cool tho pereontago of heat u»its escaping would be T2 
per oent. By raising tho carbon dioxide in the flue gases only 1 per 
cent., .twice this saving of heat units could be effected, and fortunately 
the means takon to overcomo tho smoke trouble, usually tho installa¬ 
tion of mechanical stokers, are just those which enable better economy 
to be obtained through generally hotter conditions of combustion, and 
the oconomy found is ascribablo only to a limited extent to heat 
units recovered from tho smoko itself. 

Harmful and objoctionablo in evory way as smoko is, it must not 
be overlooked that the sulphur dioxido which accompanies iti is ono 
of its most injurious features, and that whilst the visible smoke may 
be reduced or abolishod, this sulphur dioxido will still pass into the 
atmosphoro. 

The Deterioration, Heating, and Spontaneous Ignition of Coae 

These phonomona are all intimately connected witli oach other, 
the degroo to which spontaneous oxidation of the coal proceeds 
alone determining whothor simple deterioration in quality results, or 
whothor overheating and finally spontaneous combustion are sot up. 

It is well recognized that lreshly mined coal frequently undergoes 
a rapid loss in calorific valuo during the first week or two after its 
removal from tho pit, and old pillars of coal in tho pit havo been 
found to havo an appreciably lowor calorific value than the coal 
as freshly cut from around thorn. Pair and Wheeler found that 
Amorioan bituminous coals lost from 1-3 to 3-4 per cent, of their 
calorifio valuo in ton months, but that tho loss is confined nearly 
wholly to tho first two or tbroo woeks. Such loss usually is ascribed 
to esoape of hydrocarbon gases (methane, etc.), which aro of rela- 
■ tively high calorifio valuo, but tho loss in most instances appears to 
be greater than is probable from such causes alone, and absorption 
of oxygen must be a contributing factor. 

Absorption of Gxygen by Coal,—Many bituminous ooals contain 
unsaturated compounds which are capable of absorbing oxygen from 
the air. For this absorption to take place the physical condition of 
the coal will b^tho primary controlling faotor; its size, as governing 
the relations of surface to mass; its hardness* its porosity, pemstedt 
and Biinz (abs. J. S. C. 1. 1908,929) sbo^ that absorption is dependent 
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upon unsaturated oxygen-containing compouJte, that these com¬ 
pounds are not present in any quantity unlessrthe coal has a high 
oxygen content, and establish their unsaturated oimracter by the 
responge of such coal to the iodine absorption test and Maumtae 
test, as applied to oils containing unsaturated compounds. The work 
of Boudouard and others confirms this view, and also that by further 
oxidation the products are humic acid and similar substances. 
Freshly mined coal placed in air-tight vessols absorbs oxygon at first 
without the formation of carbon dioxido ; it is only at a subsequent 
stage that this gas is evolved, showing that a process of slow 
combustion is sot up, the heat from which is usually dissominatod 
rapidly. 

In a very large number of cases those actions proceed no further, 
but the practical results on the qualities of the coal are most important. 
Reference has been made to tho Iosb of coking power of somo coals 
on exposure to air and, abovo, to tho loss of calorific value ; the ash 
is said to bo raised, evidently through the escapo of coal constituents 
as gases or vapours, tho gas yield lowered, and more heat domandod 
for gas manufacture. When largo stocks of coal have to bo main¬ 
tained, as in tho gas industry, these results aro of groat importance. 
Grundmann has shown that Ruhr coal gives from 1 to 7 por cent, 
lower gas yield after 14 days' oxposure; from 3 to 13 per cont. after 
150 to 180 days, and from 8 to 17 per cont. after 370 to 380 days’ 
exposure. With an English coal at tho Ivinigsberg gas works the 
following yields were obtained :— 

Coal as discharged . . 10,870 cub. ft. per ton of dry coal 
„ after 3 months. . 10,815 „ „ „ 

„ after 7 months . . 9,930 „ „ „ 

Gas coals aro not usually strongly caking coals, so that it would 
be expected that after exposure of the coal the coke would be less 
coherent, that is, that the proportion of brooze would bo increased. 
That this is the case is shown by rosults from tho Breslau gas 
works:— 

iresh Rcn-cncil ItpMi 

lump. unwT**en«d. WVMherod. 

Large coke.93 3 860G 53 G3 

Small coko. 4-45 8 77 18 91 

Breeze.2 27 5-17 . 28-36 

Storage O^Coal. —There is a general consensus of opinion that 
some deterioration ensues with most bituminous coals, which affects 
their value for practically all purposes. When largo .quantities have 
to be stored, the reduction of this to the minimum is obviously 
desirable, if it edn be accomplished at a cost pommensuratq with thq 






78 SOLID FUELS > [chap, 

saving, The first tidea would be the avoidance of oxidation by 
exclusion of air, eilhbr in air-tight chambers, which is impracticable, 
or by storage under water. It is w<jll known that experiments on 
these lines have been made at Portsmouth, and tho Twin City Bapid 
Transport Company of Minneapolis have stores for 12,000 tons of 
screenings in four reinforced concrete tanks. Coal removed from 
water and properly drained should not contain more moisture than 
washed coals; but storago under water is probably only justifiable 
under exceptional circumstances. 

Storage under conditions whioh limit the amount of weathering, 
which includes the effect of moisture and oxidation, is more practic¬ 
able. Moist coal is primarily more readily oxidized, and water 
exercises a disintegrating action, especially in winter, so that the 
coal becomes moro open and porous. Whon properly stacked in the 
open, whilst tho outer portions are undoubtedly affected, this, on 
the wholo mass, is not sorious, especially if the outer pieces are of 
fair sizo. Tho smallest aroa exposed in relation to the whole mass 
will givo tho best results, but this entails deep stacks with accom¬ 
panying liability to boating and ignition. Good results follow the 
use of covored stores for soft friable coals, but generally tho expense 
entailed is proportionately high to the preservation elfoctod. With 
hard coals tho weathering is not groat. 

Spontaneous Heating and Ignition of Coal.—Where oxidation 
proceeds to a moro advanced stage it may lead to considerable heating 
and possibly spontaneous ignition of the coal. At one time heating 
was confidently ascribod to tho oxidation of iron pyrites, but the 
evidence against pyrites playing more than a very minor part 
is overwhelming. Tho sorious losses which may occur through 
spontaneous ignition in stores or coal cargoes render it necessary 
that tho conditions through whioh heating may arise should be 
oarofully studied, if propor measures are to bo taken for its avoidance. 

Modern views on tho changes involved, largely basod on the work 
of Parr and Krossman (Vniv. of Illinois: J. Ind. if Eng. Chem. 
March, 1311), are, that after tho coal has been broken out and the 
evolution of occludod bydrooarbon gases has practically ceased, the 
absorption of oxygen commences, which is accompanied by a slow 
rise of temperature, when the conditions of sufficiently rapid absorp¬ 
tion (fineness of division chiefly) and prevention of escape of heat are 
present. It is not until a temperature of about 120° C. is reached 
that carbon dioxide and water vapour make thoir appearance, indicat¬ 
ing that a slow combustion has started. Under suitable conditions 
the process accelerates until a temperature of 140° to 160° O. is 
reached, when the rate of increase of temperature ^eoomds much 
greater, until between 200°-and 275° (Aa self-sustained process af 
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combustion seta is with very rapid rise of temperature until the 
ignition point, which may lie between 300 ' and •400'’ 0., is attained, 
when active combustion is set up. 

It is evident that for coals to undergo this process certain 
chemical and physical conditions must exist. Tho chemical condition 
is the presence of unsaturated easily oxidizod subsiincos, but of the 
nature of these practically nothing is known. Demstedt and Biinz 
(Joe. cit.) have proposed testing the finely divided coal by packing in 
a tube, with thermometer, passing carbon dioxide through tho tubo 
heated to 100-115'’ C. in an oil bath, to dry tho coal, then raising the 
temperature to 135° or 150", while dry oxygon is passed through at 
the rate of 2 to 3 litres per hour. Coals which heat up slightly above 
the bath temperature, and will boat up more rapidly and perhaps 
ignite on increasing tho oxygon supply, arc dangerous. 

The physical conditions must be such that oxidation with accom¬ 
panying generation of heat must be sulliciontly rapid in relation to 
the cooling factors. Largo surface—fmoness of division-is ossential 
to heating. It has always boon notod that fires in coal cargoes start 
invariably under the hatchways, where there is great crushing, and 
that large coal never heats if free from smalls and particularly dust. 
For the heat generated by this oxidation to become serious it is 
obvious that the action must bo cumulative, that is, that the heat 
shall not become dissipated to any groat degree. A solid mass of 
coal is of a low order of thermal conductivity, and, when broken up, 
tho air spaces further greatly lowor its conductivity. Given a suffi¬ 
ciently large mass of coal with generation of heat taking place some 
distance from tho surface, tho escape of heat is prevented and tho 
temperature at the affected part will riso until the self-sustained stage 
of oxidation is reached, ultimately resulting in firing if the supply 
of oxygen is sufficient to sustain rapid combustion. If this is not 
the case oxidation will proceed only to the limit of available oxygon, 
the rate will fall practically to zero, and the heated portion gradually 


cool off. 

Experience shows that a large mass of coal in which conditions 
are favourable is far moro likely to heat and finally ignite than 
smaller masses. In tho case of coal cargoes this is particularly notice¬ 
able, statistics over one period showing that whilst the casualties for 
cargoes btfween 500 and 1000 tons were 1 per cent., with cargoes 
of over 2000 tons thqy amounted to 9 per cent. Again, there is a 
safe depth to Which a coal may be staoked without risk, but it does 
not always follow that shallow stacks are safe, and fires have occurred 
within a few feet of the surface in deep stacks. It isadifficult to see 
that mass alone should Cave any effect, provided there is sufficient 
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favourable to hcatiig; rather should it retard that free acoessiSn oi 
oxygen essential to'the process. Tho explanation of this apparent 
effect of mass arises most probably through the greater quantity of 
smalls and dust produced in handling these large quantities. 

Another important consideration is the effect of moisture in pro¬ 
moting heating, and very contradictory opinions are held on this 
point, due doubtloss to tho lack of distinction between moist eoal and 
wot coal. In the Report of the New South Wales Commission on 
Spontaneous Ignition (1900), thero appears an account of experiments 
with two bins 21 feot square loaded with tho same coal, one kept dry 
and the other saturated from a hoso until wator ran off in a small 
stream. Tho dry coal hoated, but tho wet did not. The result was 
said to provo conclusively that dry coal was most dangerous, and 
that tho view of tho British Commission (187G), supported generally 
by evidonce bofore other Commissions, that wet coal was most 
dangerous, should be abandoned. The experiment really proved only 
that when sufficient wator was present to prevent appreciable access 
of oxygon to tho coal surface, it would not heat. If the moisture 
present is not suflieiont to exclude oxygon from the surfaco there is 
every reason for still bolieving that it will materially assist chemical 
action. Doano (Eny. News, 1904, 52,141) states that tho amount of 
moisture in an air-driod bituminous fuel is a moasuro of tho risk from 
spontaneous ignition, and that bituminous coal with over 4'75 per 
cent, is most dangorous. There is littlo reason, howevor, for believ¬ 
ing that moisture per ac can bo such an important factor. In tho 
oxidation of pyrites it plays undoubtedly an important part. 

The prevention of heating and ignition in coals liable to these 
changes evidently is primarily dependont upon prevention of oxidation 
at any centre being sufficiently rapid to more than counterbalance 
the natural cooling effect of tho surrounding masses of coal. It is 
only in places where tho surface area of a considerable quantity of 
ooal in relation to its mass is very great, that is, where there is an 
accumulation of fine and dust surrounded by sufficient material to 
give the necessary heat insulation without cutting off the supply of 
oxygen, that heating oan ever arise. With larger coal slow oxidation 
of the exterior faces alone is possible, and beyond slight deterioration 
can do no harm; it iB the accumulation of masses of small ooal 
which must bo avoided. In loading cargoes with the usual tips such 
' accumulation under hatohways is unavoidably; the distribution of 
such crushed material has been suggested, but obviodSly this wonld 
be a matter of difficulty in the hold of a ship, and the adoption of 
more modern tmethods which lessen the crushing is the correct 
solution of the problem. In stacking coal'this distribution oan be 
qonvenie^tly arranged, ^nd small coal jimongst largfer sizes checks 
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to S*great degree the access of air to the mafSf further, by building 
up in sections, or simultaneously, in more th&ii one stack, a period 
may be allowed to elapse before successive layers are added, so that 
the initial oxidation may have made considerable progress in the top 
layer before another is added. 

The “ safe" depth to which ooal may be stacked is dependent 
upon so many variables, such as length of time sinco mined, the 
character of the coal substance, and the proportion of “ smalls," that 
it is impossible to give exact figures. One writer says the depth 
may be 20 feet in the open and 16 feot under cover, whilst an average 
depth of 13 feet and a maximum of 15 feet is frequently takon. A 
screened coal obviously may be stacked to a greater depth than one 
containing slack, and tho above figures are frequently groatly ex¬ 
ceeded without bad rosults following. 

The question of providing ventilation to the coal in store is 
important. On the one hand, if air cannot penetrate with sufficient 
rapidity the oxygen gets slowly used up, tho coal may heat a little, 
but will cool off slowly by conduction. On tho other oxtromo, if the 
air supply could bo sufficiently great, whilst oxidation would occur to 
the maximum extent possiblo for the temperature attained, the good 
air current would carry off the heat and again cool tho mass. Tho 
whole difficulty in a stack or cargo is to provido this large excess of 
air, for if insufficient for any reason it will evidently promote ignition 
by freely supplying the necessary oxygon. It is a striking fact (1870 
Commission Report), that in four vessels laden with between 1500 
and 2000 tons of the same coals shipped at tho same time at New¬ 
castle for Bombay, only one arrived safely, and that the ono in 
which no attempt was made at ventilation. It may bo safely asserted 
that it is next to impossible to provido such adequate ventilation as to 
keep a stack or cargo cool, so that attention must be given to other 
methods indicated. 

A careful record of the temperature in various parts of the coal 
should be taken by means of iron pipes bedded in, down which 
maximum recording thermometers may bo inserted, and if the 
temperature is found to rise Upduly, the upper layers should bo 
removed. Any external source of heat, such as coutact with warm 
pipes or bulkheads, muBt be carefully guarded against, since heat in 
the initial stages quickly results in the attainment of tho dangerous 
heating stage. It is well recognized that a cargo shipped in the 
grimmer, especially after exposure to tho hot sun, is far more liable 
to ignition for the same reason. 

In view of the New South Wales results referral to above, it 
has been suggested that Water from a hose should be played upon 
the coal accumulated beneatjj the hatchways when loading, It is. 
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estimated that 10 per cent, of water prevents beating, and asstufiing 
i the coal as shipped contains from 2 to 3 per cent, of water, the 
additional water demanded would be 8 per cent, on approximately 
one-fifteenth of the whole cargo, equal to only a half per cent, on the 
total cargo (Threlfall, see J. S. C. 1. 1909, 759). If the quantity of 
water could be maintained located in the crushed coal, it would, no 
doubt, bo effective, but under tho conditions existing in the hold it 
would almost certainly beoome more evenly distributed throughout 
the rest of tho coal, when tho net result would be the absence of a 
wet, safe, and limited mass of coal, and the presence of a moist, finely 
divided mass in a condition peculiarly liable to oxidation. 

Lewes (J. (las Ltg. 1906, 94, 33) recommends placing cylinders 
of liquid carbon dioxido at points where hoating is probable, the 
cylinders being soalod with a fusible alloy molting at about 93' J C., 
the valve being oponed before tho cylinder is placod. On rise of 
temperature tho alloy would molt and allow the escapo of the gas, 
which would quickly put an*end to oxidation. 

Coal Briquettes (Patent Fuel).—The necessity for utilizing the 
largo quantities of small coal and slack obtained when the softer 
bituminous coals are worked and prepared for the market has lod to 
great developments in the production of briquottos, and this will 
become an oven more important question as tho supplies of the 
bettor grados of coal beeomo reduced. The world's production of 
this class of fuel is fully 30 million tons, of which nearly throe-fourths 
are made in Germany; the output in Great Britain in 1910 was 
1'6 million tons. 

Although all bituminous coals will cohere under pressure when 
in a finely divided state, the blocks aro too fragile for commercial 
use, so that some binding material is requisite. A largo number of 
substances have boen patented for this purpose, but.in practice pitch, 
either from wood, potroloum, or coal tar, especially the latter, is 
always employed. The demand for pitch for this purpose on the 
Continent has greatly incroasod of reeont years, and exercises con¬ 
siderable influonce on the price of tor. Tho suitatyjity of various 
binders has been fully investigated in the United States at the St. 
Louis Fuel Testing plant (U. S. Bureau of Mines, Hulls. 343,385), and 
comparative steaming tests between the natural and briquetted coal 
carried out (U. S.Geol. Sun’., Bull. 363). 

The pitch used, whether from wood tar or coal tor, should be 
residues after all products distilling below 270° C. have been removed. 
Free carbon ill any quantity is objectionable, and the quality is 
dependent largely upon a high percentage "being soluble ip carbon 
(lisulphidp; those exanjined vary between 63 and 8u per cent. It 
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should not flow below 70° C., and up to the limit at which the working 
of the machines is impeded, the higher the flowing point, the better, 
as the blocks then stand the fire best. Softening with heavy tar oils 
boiling above 270° C. is recommended for pitch bo hard as to give 
trouble in the machinos, or which does not possess the necessary 
spreading power to cover the coal particles. 6’5 to 8 por cent, of 
pitch (calculated on the coal) was found to givo good results. Water 
gas, producer gas, blast furnace and coke oven tars were found to 
yield satisfactory pitch. 

In the manufacture of briquettos the coal is reduced to a coarse 
powder, which, if wet, is dried in a suitable oven, and then incorpo¬ 
rated with tiie broken pitch, first by passing thorn together through 
a disintegrator, and secondly in a suitable mixer, such as a pug mill. 
In order that the hinder may ho softenod, the mixture is boatod 
during incorporation either by "dry” or “live" steam, and then 
passed on to the press. According to Qohpihouu (Min. J'ror. hint. 
C. K. 117) the cost of briquetting, including capital charges, is 
approximately 2s. 7i l. per ton additional to tho cost of the fuel. The 
United States cost at the experimental plant was 4s. 2 il. per ton. 

Tho calorific value of tho briquettes is slightly highor than that 
of the coal from which they are produced; the French Admiralty 
standard briquettes range betweon 8200 and 8500 calorios. The 
specific gravity of tho blocks averages 1-2, and tho stowage capacity 
about 50 pounds per cubic foot; owing to tho regular shape of the 
blocks it is possiblo to store a far greater number of potential heat 
units per cubic foot of space, a matter of considerable importance, 
especially in locomotive practice, for which briquettes are largely 
employed on the Continental and American railways. With careful 
firing tho donsity of the smoke is less with tho briquetted fuel, 
doubtless due to the more steady evolution of tho smoke-producing 
elements, and within the practical limit of tho variation of tho binder 
the quantity of the latter has little influence on the smoke. Tho 
advantages gained by briquetting a givon fuel do not appear to bo 
commensurate with tho cost if the fuel can be employed in any 
other way, but briquetting offers undoubtedly an economical means 
of employing fuel which otherwise would have littlo commercial 
value. 

Powdeted Coal as Pnel.—By tho reduction of c .al to a fine state 
of division, and carrying the powder forward into a furnace by an 
air blast, it is possible to obtain the most porfect combustion with 
entire absence of smoke, when using the smallest possible excesB of 
air, and therefore with % very high efficiency under a boiler. This 
method at usmg coal is employed largely in firing rotary cement 
Mips, in which a flame of fjreat intensity a'ud length is bhtained,* 
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ranch resembling a large oil fuel flame, and considerable success* has 
attended the application of powdered fuel in boiler practice. 

From a large number of tests it js proved beyond question that 
high economy is obtainod when powdered fuel is used for steam 
.raising, that smoke is abolished, and that frequently an inferior fuel 
may be economically utilized. In one case Welsh coal at 27s. 6 d. 
per ton was replaced by coal at 12s. G/l. ; owing, however, to the 
inferior calorific value of tho latter the consumption was increased. 

Tlhe question resolves itself largely into tho cost of an installation 
and its operation; but one difficulty requires special mention, namely, 
the deposition of dust (ashes) in flues, etc. It is usual to provide a 
large expansion chamber in which the heavier dust settles. The 
ashes frequently fuse at tho high temporaturo attained, forming a 
vitreous glazo on iron-work and firebrick linings. Hughes (Mill, 
anil Ent/, World, April 20th, 1912) says that this may be prevented 
by the incorporation of limgstono dust. 

Starting with a cheap bituminous slack, this iB all reduced to a 
coarse powdor through rolls, and bofore further reduction in size is 
practicable, is dried and then pulvorizod in some form of disintegrator 
or a ball mill. According to one authority (Pror. Inst. V. E. 1902, 
147, 017) the best results are obtained wbon 90 per cent, of tho 
powder will pass a siovo of 150 meshos to tho inch. 

A plant for dealing with 75 to 100 tons in 21 hours is estimated 
to require 25 II.P.—less than 1 per cent, of tho power produced 
wlieu coal is burnt under a boiler. The following data refer to power 
required to operate “ Cyclone ” pulverizors 

18-20 cwt. por hour, 19 II.P. 

25 |() „ „ qq „ 

over 00 ,, ,, 40 „ 

and tho cost at from Is. to Is. '2d. per ton. 

Eustace Carey (./. S. I. 1 . /.'1905, 309), from practical experience 
with a 500 II.P. Stirling boiler, gives tho following estimate, based 
on 500 tons ground per week by electric power, costing \d. per unit 
(a charge which will certainly be exceeded iu goneral):— 



Day of 1 

12 hours. 

I'ay of 24 hours. 


Capital charges 
ami labour. 

Power. 

> Capital charges 
j ami labour. 

Power. 

Drying and grinding 


133d. 

3 5 d. © 

1‘33<2. 

Burning. 


0-27 

2-58 

0-27 



-■■■■ 

_ 


\ 

9-47 | 

ISO ; 

GOS 

1-G0 

Total costs per ton 

HOT 

-f 

£ 7-G8- 
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Id the Schwartz-Kopff plant the ooal is distributed by a brush 
revolving at 800-1000 revolutions per minute orr to a firebrick lining 
extending some 6 feet into the furnace. Carey also found that sorno 
kind of firebriok retort into whifth the dust-ladou blast was sent was 
a good arrangement. 

Dust-firing offers undoubtedly groat advantages in boiler practico, 
especially over hand-firing, and is almost an ideal system for the 
combustion of coal; but as compared with a good installation of 
mechanical stokers, capable of dealing with a cheap class of fuel, its 
advantages are not so apparent. A comparison between cost of 
installation, renewals, and running costa for both systems does not 
appear to favour dust-tiring, if one takes as a criterion the relativo 
progress made in the introduction of the two systems. 

C. A. King (J. S. 1917, 114) records tests with a Bettington 
boiler, which is a vertical boiler; the coal is fed from a storage hopper 
into a pulverizer, which also acts as a fan for tho air supply. Heated 
air for the injection and combustion of*the coal is drawn from a 
tubular hoater which is placed abovo tho boiler in tho smaller sizes 
and separately in larger installations. This acts as a '‘regenerator" 
and at tho same timo dries the coal passing through tho disintegrator, 
and prevents clogging of a sieve placed between it and the water- 
cooled nozzle through which tho dust is injoctod. The high tem¬ 
perature of tho furnace converts tho ash into a semi-liquid spray 
which coalesces on tho liro-brick lining, slowly trickles down, and 
drips from the bottom edge into the ash-pit. Low fusibility of the 
ash would appear advantageous, but there would bo risk of inclusion 
of unburnt carbon. 

Tho following results may be quotod from tho paper:— 


At normal loud. 

Coal per hour. 1,344 lbs. 

Water evaporated from and l 
at 100" C. » 

Total. 12,300 lbs. 

Per lb. coal .... 9-15 

Boiler efficiency. 70-9 per cent. 


At 30 "/a overload. 

1,736 lbs. 


16,544 lbs. 

9-53 

80 0 per cent. 


Tho boilor was not credited with heating the water from main 
(12’ C.) to the temperature of tho feed-water tank (mean 44° C. at 
normal load), nor debited with power consumed in pulverizer. (29 
E.H.F. —’equal to 3 per cent, of the steam raised/ assuming 15 lbs. 
of steam per K.W.) 

Tests by Messrs. Burstall and Monkhouse with a poor quality 
slack, 16 a 2 per cent, ash on the dry coal, and 14'4 per sent, moisture 
as fired, gave an evaporation from and at 100'’ C. of 7-55 lbs. per 
lb. of coal, the l oiler efficiency being 75‘6 per cent. 






Chapter VI 

COKES AND COKING. SPECIAL FORMS OF COKE 
CoKH 

Fob many generations charcoal was a fuel of great industrial im¬ 
portance and used entirely for the production of iron, for which it 
is particularly suitable by reason of its higli calorific intensity and 
great purity. As the supplios wore bocoming depleted, restrictive 
legislation on its production was imposed, and it became necessary 
to find some efficient substitute. A fuel poor in volatilo matter and 
with a rapid rato of combustiou is essential for the high calorific 
intensity required, and this is best furnishod by coke, tho porosity 
of which ensures sufficiently rapid burning; anthracite, poor as it 
is in volatile matter and yet of good calorific value, fails by reason 
of its density. Consequent upon tho introduction of coke, with its 
high resistance to crushing in tho furnace and its good combustion 
with a hot blast at high pressure, it has been possible to increase 
greatly tho size and output of the blast furnace. 

By submitting a bituminous coal to a temperature of well over 
KXXP C. it loses practically tho whole of its volatile constituents, 
which escape as gases and vapours, leaving behind a more or less 
hard cellular mass of coke. The hard, dense but cellular coke 
essential for metallurgical operations is yielded only by certain 
classes of coal, in which a perfect fusion takes place; owing to the 
escape of hydrocarbon gases and vapours a cellular structure is 
developed, which becomes fixed and hardened at the final high 
temperature attained, the finished mass retaining none of the 
characteristics of the parent coal. Reference already has been 
made (p. 38) to the probable nature of the constituents of coal on 
which coking is dependent and to the composition of coking coals. 
When coals contain less of these fusible constituents, as they approach 
the semi-bituminous coals on the one hand and lignitious coals on 
the other, the coke pieces retain more or less the original shape of the 
coal masses, aid the material lacks strength. 

Whilst the coke produced may for practical purposes be regarded 
as carbon together witfi the mineral matter of the coal, it is always 

'■ 86, V r 
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found that hydrogen, oxygen and nitrogen are present, and it is 
possible to extract gases — principally carbon dioxido, carbon 
monoxide and hydrogen—from it on further heating in a vacuum. 
Coke, like all forms of carbon, possossos considerable absorptive 
power for gases and vapours, which accounts for tho presence of 
some of these gasos, and, in addition, some of tho complex hydro¬ 
carbon bodios are extremely rosistant to high tomporaturos. A 
well-carbonizod coke should not yield more than 1 por cent of 
volatile matter (othor than moisture) on submitting to strong ignition 
in a powdered condition. 

Accompanying tho hydrocarbon gases and vapours and their 
decomposition products is a portion of t ho sulphur and nitrogen of the 
coal. Tho escape of theso volatile constituents necessarily loads to 
concentration of tho mineral matter of tho coal in tho coke. Since a 
high ash is detrimental, tho selection of a coal originally low in ash, 
or the reduction of tho mineral matter by suitable picking and 
washing, is highly essential, and those processes Iinvo tho further 
advantage of reducing the sulphur content of tho chargod coal (see 
Coal Washing, p. 70). During tho process of carbonization a large 
proportion of the organic sulphur is driven off, togethor with Borne of 
tho pyritic sulphur, and on quenching the hot coke there is a further 
escapo of sulphur compounds. It is frequently assumod that tho 
sulphur content of tho coko is one-half that of tho parent coal, but it 
is seldom found that less than 70 per cent, of tho original sulphur is 
retained. Tho actual amount romoved is not directly rolatod to tho 
total sulphur present, but doponds mainly upon the relative pro¬ 
portions of organic sulphur, iron pyrites and sulphur as mineral 
sulphates. At tho high tomporaturo of tho ovens tho latter are 
probably reduced to sulphides, and remain as such in tiio coko. 

Lowthian Bell gives tho following figures for a coal yielding 
74*4 per cont. of coko:— 

Ilpfor** After ftnifthal 

waaliing washing. coke. 


Ash.1042 6-42 8*18 

Sulphur.. 1'71 1*30 1*03 


According to Fulton tho percentage of residual sulphur in tests 
with American coals ranged from 85 25 to 42*08, with an average 
of 61*5.. Andrew Short ( J. S. C. I. 1007, 585) gives the following 
distribution of sulphur in the products from a Durham coal worked 
in an Otto-Hilgenstock oven :— 

72*5 ^>er cent. 

1*45 „ 

25*72 „ 


In coke 

In tar . ... 

Hi gas and liquors 
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The distribution of nitrogen among the products is also of 
importance in view'of the recovery of by-products. The following 
data are given by Short (foe. cit .):— 


Observer .| 

Foster. 

Knoblauch. 

McLeod. 

Short. 

Nitrogen in coke . . 

48-68 

500* 

68-3 

43*81 

„ tar . . . 

... , gas . . . 

| 35-26 

| 300 

39 

19-5 

2*98 

87*12 

As ammonia compounds 

14*50 

12 14 

17*1 

15*16 

As cyanogen compounds , 

1*56 

2*0 

1*2 

1*43 


It iB important to note that tho nitrogen retained in the coke is 
greater with quick carbonization. It may be fairly assumed that 
half the nitrogon remains in the coke, and in view of the profitable 
recovery of tsulphato of ammonium and the economic aspects of 
recovery, the utilization of this residual nitrogen in coal gas coke, 
which is largoly possible by gasifying in producers, the gas being 
used for the rotorts, is receiving attention. 

Tho calorific valuo (absolute heat value) of the combustible of 
coke will ,l>o practically that of pure coke carbon—8137 calories 
(14,645 B.Th.U.), so that tho calorific valuo of a thoroughly 
oarbonizod dry coke will be given by 

8137 x (100 - ash) 

■' 100 

The value of coke, however, is more dependent upon its 
pyrometrio heating effect, that is, the temperature attainable on 
combustion. This will dopend principally upon the coke being 
sufficiently dense to enable a large number of heat units to be 
available in a small space ; on its boing sufficiently porous for rapid 
combustion, i.e. on its offoring a large surface; on tho resistance of 
the surface not actually undergoing proper combustion to the action 
of oarbon dioxido, leading to the formation of carbon monoxide, the 
action absorbing heat. The presence of moisture will necessarily 
decrease the calorific intensity greatly. Increase of the air blast will 
intensify the effect up to a certain point for a givell coke; beyond 
this the largo excess of nitrogen will lead to cooling, and similarly 
the use of a hot blast also increases the pyromotric heating power, 
since more air care bo blown through without chilling. " 

Properties of Blast Furnace Coke .—Hinlneu .is necessary 
to resist losses in drawing ovens and in handling, and in the 
furnace itself. c Smalls favour the formation of stoppages, and by 
exposing great surface to tho action of the hot ascending gases 
rich in oarbon dioxide valuable carbon is lost as the- monoxide in 
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the furnace gases. Weill (Be. de NetaU. 1905, 557) calculates the 
orushing stress in a 20 metre furnace as 1»7 kilos per square 
centimetre (Wedding had previously calculated 3'0 kilos per square 
centimetre for a 30 metre furhace). Since the resistance of coke 
to crushing ranges from 60 to 175 kilos per square centimetre, 
an average of 120 kilos being generally taken, breakage in the 
furnace is not due to simple crushing, but is tho effect of intermittent 
slides and shocks. 

Weill recommends a test in a drum of considerable diameter, 
rotating on a horizontal axis at 10 revolutions per minute for 
15 minutes, the debris being afterwards graded and weighed. This 
certainly is superior to tho usual crushing tost on cubes of 1 centi¬ 
metre, the results of which would appear of littlo value unless 
breakage by attrition can bo correlated with absolute resistance to 
crushing, and these tests are open to tho difficulty of obtaining and 
preparing representative cubes, and particularly cubes free from 
flaws. 

The hardnoss of coke is increased by high temperatures and by 
the length of time of exposure to heat. It is consequently highest 
near tho upper portion of tho beehive product and near tho walls of 
retorts. A narrow oven will yield harder coko generally than a wide 
one, unloss the carbonization period in tho lattor is proportionately 
extended. 

Density and Porosity --In a blast furnace it is essential to main¬ 
tain an atmosphere rich in carbon monoxide in tho reduction zone, 
and a high temperature in tho smelting zone. The latter is assured 
by the combustion of carbon to carbon dioxide, the former by 
the action of carbon dioxide on furthor masses of rod hot carbon, 
according to the equation: 

CO a + C = 2CO 

The production of these conditions will be dependent largely on the 
porosity of the fuel and the resistance or otherwise of tho cell walls 
to gaseous action. A highly porous fuel, such as wood charcoal, 
gives a high calorific intensity, burning practically at twice the rate 
of coke, but hot wood charcoal is converted into carbon monoxide by 
the dioxide at approximately twelve times the rate of coke. The 
relative porosity of the wood charcoal and coko may bo taken as 
2-6 to 1. High porosity and easo of attack by carbon dioxide 
would mean large losses of fuel in the upper port .tins of a furnace. 
High density ipeans ibast liability to formation of carbon monoxide, 
and providing the blast is sufficient to ensure the requisite rapid 
burning to carbon dioxide, such dense coke will be thq most efficient 
for foundry purposes, where it is obviously desirable to burn the 
maximum of c.-rbon to the dioxide. In former days high porosity 
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of the coke was essential to the formation of the necessary carbon 
monoxide by the secondary reaction of oarbon dioxide on carbon in 
the blast furnace, and beehive coke with its hard cell walls, and 
frequently a ratio of cell space to cell wall of 1 to 1, was an ideal 
fuel. Under modern blast furnace conditions all coke is sufficiently 
porous to burn well, and the general tendency is in favour of denser 
ookes. Weill shows that a diminution of £0 por cont. in the volume 
of coke moans an effective increase of 10 por cent, in the capacity of 
the furnaco, when tho volumo of coke is assumed to equal half the 
volume of tho charge. 

Fulton states that tho most desirable ratio of cellular space to 
cell wall is 44 to 56 (0-8—1), and that of average standard Connolls- 
ville (beehive) coko is 09-53 to 60 -17 (0-67-1). 

The real specific gravity of coke is that of the carbonaceous 
dements together with that of the ash. It is the specific gravity 
of the coke substanco exclusive of tho pores. Tho apparent specific 
gravity is tho ratio of tho wholo coko, inclusive of pores, to that of an 
equal volume of water. This value is one of tho most practical 
importance, and lies botwoon 1-2 and 1-9. Tho porosity or volume 
occupied by tho pores is found from— 

(roal spe cific gravity — apparent sp. gr.) x 100 
real specific gravity 

For tho determination of the real specific gravity all air has to be 
removed andreplaced by water. If this is attempted in the unbroken 
matorial, water-tight colls will obviously lead to considerable error. 

Ash .—Not only is high ash dotrimontal from tho point of view 
of calorific value and possible influence on metal smelted, but its 
presence involvos expenditure of additional flux in order that it may 
be removed properly as slag, and also entails an extra consumption 
of oarbon to provide the necessary heat for fusion of this slag. Weill 
concludes that each per cent, extra ash lessens the value of coke per 
ton by 0 45 fr. Liirmann estimates that each per cent, difference 
means about half a ton groater or less consumption of coke for the 
daily operation of a furnace. 

Wafer.—The amount present will be dependent ptimarily on tho 
method of quenching; 4 to 5 per cent, is common, but in good 
Durham cgko it seldom exceeds 1-5 to 2 per cont. Its presence 
entails expenditure of heat in evaporation. Liirmann estimates the 
daily consumption for a furnaco to be increased or diminished by 
O'125 ton for every per cont. of water. Weill, on the assumption 
that 1 lb. of yater requires for its evaporation 0-2 lb. of carbon, 
estimates that each per cent, additional wafer entails an increased 
expenditure of 0-35 ton of coke, and this, together with the' charges 
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for water at coke prices, lowers the value per ton by 0'35 fr. (3d.) for 
each per cent. , 

Sulphur .—The extent of removal of this olement during carboniza¬ 
tion and quenching has been «reforred to alroady, and the offset of 
sulphur in promoting the formation of hard white brittle iron is well 
known. The extent to which iron takes up sulphur from the fuel is 
not definitely known, and much deponds upon working conditions. 
Under the best conditions it should be combined with lime as 
calcium sulphide and sulphato (4CaO -f ‘IS = 3CaS + CaS0 4 ), and 
pass off in the slag; but the slag will retain only a certain amount, 
largely dependent upon its other constituents. If this amount is 
exceeded, a greater proportion of fluxing material per ton of pig must 
bo used. Assuming 1 per cent, as tho normal Bulphur in coke, 
Weill estimates that to convort this sulphur in 150 tons to calcium 
sulphide 3-3 tons of limestone are required, and for fusion and 
expulsion of carbon dioxide a consumption of IT tons of coke. An 
additional 0‘5 per cent, of sulphur is estimated to reduce tho value of 
the coke 0T2 fr. per ton. 

Most good cokes contain loss than 1 per cent, sulphur. English 
cokes give a rango from 0-75 to 1-3 per cent. 

Phosphorus. - Tho importance of this elemont in coke is great, 
since it is generally agreed that tho bulk of the phosphorus finds its 
way into tho iron. For pig irons to bo used for fine castings phos¬ 
phorus is not detrimental, hut in general its bad effects on iron and 
more particularly steel aro well known. According to Weill, 
Durham cokes contain about 0 012 per cent.; South Walos, 0 022 to 
0 05 per cent. In Pennsylvanian coko tho average is 0 01 per cent. 

Alkali Chlorides .—Woill regards alkali chlorides as particularly 
corrosive to furnace linings, although of no influence on tho character 
of the iron. For this reason coko quonchod with brine water may 
produce serious damago. 


Production of Coke.—In tho manufacture of metallurgical coke the 
object is to attain the highost possible yield of serviceable coke from 
a given coal, i.e. to fix as much of tho carbon of the coal as possible 
in the coke at tho sacrifice of tho gas, which is virtually a by-product. 
Coke is also obtained in coal gas manufacture, hut in this case it is a 
by-product, the primary object of tho gas-maker boing to obtain as 
much of .the carbon as possible in tho gas in the^fataz of hydro¬ 
carbons bf high illuminating or calorific power, (jub coke does not 
possess those properties so essential in metallurgical coke; it is less 
dense and more fragile, and has not that resistance to the action of 
furnace gases, largely by reason of the roughness of* the cell walls 
and lack,of the carbon “ glaze ” characteristic of good metallurgical 
ooke. 
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The small shallow charges in ordinary gas retorts necessarily*fail 
to yield fine largely developed coke masses, such as are obtained in 
coking ovens, and again the coal for gas making is not selected with 
regard to its suitability for yielding hij^i-class coko. With the recent 
introduction of large chamber processes in the manufacture of gas 
tho conditions closely rosemble those in retort coke ovens, and the 
coko from a suitable coal can ho made to approach closely to good 
metallurgical coke, but the higher tomperature needed for this 
detracts largely from its value for general purposes, for which the 
great bulk of gasworks coko is sold. 

The earliost methods of obtaining coke were similar to those in 
vogue for charcoal burning, tho restricted combustion of the coal in 
piles or in stacks with brick fluos, this partial combustion furnish¬ 
ing suffioiout heat to carbonize the remainder; but such wasteful 
methods aro practically obsolete. Tho natural development was 
combustion of the volatile constituents in a dome-shaped ovon, 
arranged for suitablo and easily-regulated air admission, above the 
surfaco of tho coal, so that tho heat slowly penetrated downwards and 
effectually coked tho mass. Those bcohivo ovens are still employed 
vory largely in Groat Britain and tho United States, tho “fat" 
coking coals in both countries being eminently suitable for use in 
them and yielding a coko of the highest quality, frequently unoqualled 
by more refined processes. 

The beehive ovons aro from 12 to 13 feet in diameter, 7 feet high; 
the coal is charged to a dopth of 2 feet 6 inches to 3 foet. To 
economize boat the ovons aro built in two rows, hack to back, with a 
common fluo arranged down the centra, the waste heat passing off 
undor boilers. A falso door is built up above the level of the coal, 
and air is admittod to tho evolvod vapours in tho upper space, whore 
combustion takes placo, and steady carbonization from above down¬ 
wards proceeds. Modifications of the beehive oven havo been made 
to pormit of tho more easy discharge of tho coke, and in some oases 
recovery processes have mot with some success, Hues being arranged 
below the floor through which the evolved gases and vapours are 
drawn off. 

For successful results in such ovens tho coal must have good 
ooking properties, as the temperature at which coking commences is 
low, and the rise of temperature not rapid, sinco the previous charge 
has been cooied nr the oven by water, and tho oven has usually been 
standing two or three hours before recharging. • 

The slow initial rate of heating promotes the formation of well- 
developed cell ^structure, and the final high temperature attained 
ensures a dense hard character to the product. Low temperatures 
lead to irregularity in coking, laek of coherence and inflated cell 
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development. In beehive ovens it is impossible to prevent loss of 
carbon by burning from the coke substance itself, so that the yield 
for a particular coal is lower in these ovens than in retort ovens, 
and another consequence is thftt tho uppor layers have a higher ash 
content than the mass. A coal rich in volatile constituents (“fat") 
will derive sufficient heat from this source, but with a drier coal some 
of the heat for propor carbonization is derived from a portion of the 
coke substance. 

The natural development to avoid tho loss of coke substance waB 
the introduction of ovons from which the combustion products could 
distil through suitable orifices in the walls, and moot the air 
necessary for combustion only in an exterior space, liy tho use of 
long horizontal rectangular ovens, closed by doors at tho ends 
(CoppSo), the coal could be charged conveniently and tho coko pushed 
out by mechanical means; or in vertical ovons with a slight taper 
(Appolt) tho coko could ho dropped when tho lower doors wore 
opened. With tho boohive ovens or ovens of tho above pattern far 
more gas was utilized for heating than nocossary, and although tho 
waste heat was to some oxtent recovered by passing tho gases 
through boilers, tho losses were great, and further all tho valuable 
by-products were lost. 

Tho average yield of a retort oven as compared with a beehive 
oven working on tho same coal will ho approximately 10 por cent, 
higher. For a coal yielding 07 per cent, of coke in tho boehivo oven, 
tho following products may ho expected in a closed oven recovery 
plant:— 


Coke. 

Tar. 

Ammonium sulphate 
Gas. 


73 74 per cent. 
■ 1-0 
1-1 2 0 

10,000 cubic foot 


The value of recovering the.so by-products and economically 
employing surplus gas is generally recognized, and the displacement 
of the old wasteful methods of carbonizing is rapidly taking place. 
Recovery plant coke was at one timo regarded as inferior to lieehive 
coke, and doubtless this was tho easo with tho earlier product, but 
it is now generally admitted that an equally good and economical 
fuel c&n»be obtained; the rapid replacement of bgafi'"* ovens by 
recovery plant would,obviously havo been impossible if tho fuel wore 
appreciably iitferior. 

Practically all modern ovens consist of long rectangular chambers, 
30 to 35 feet long, 6 to 7 feot high, and 18 to 24 inc’.los wide, closed 
by doors at either end, So that charging is performed at one end, the 
coke being pushed out by suitable discharging machinery an,d 






94 SOLID FUELS f [chap. 

quenched at the other end. A number ol ovens are built up side by 
side to form a battiry, the bottoms being heated by combustion of 
the gas in sole flues, and the sides by a* suitable arrangement of 
flues between adjacent ovens. The 'main differences between the 
numerous forms of coking plant are to be found in the arrangement 
of the flues in order to secure the most effective and uniform heating; 
on this the success of tlio operation is entirely dependent. 

The discussion of these various forms of construction is outside 
Hie scope of this volume; in the oarlier forms the side flues were 
horizontal, the hot gases passing from end to end two or three times 
(Simon-Carvi, Semet-Solvay, ilussner, etc.); but now those are not 
so favourably regarded, preference being givon to vortical flues 
(Coppie, Otto-Hoffmanu, Otto-llilgenstock, Koppcrs, now Simon- 
Carve, Collin, etc.), sinco it is more easy to obtain uniform heating. 

Modern recovery plants aro constructed for working on the 
“ waste heat ” or “ regenerative ” principle. In the wasto heat type 
the hot gaseous products of combustion pass through boilers where 
they meet any surplus gas, which undergoes combustion, so that 
steam is raised for works purposes. The temperature of the flue 
gases is from 920° C. to 1100’ C. (1700—1950 ’ S’.), and with water-tube 
boilers two pounds of steam havo been raised from and at 212° F. per 
lb. of coal carbonized; with Lancashire and similar boilers from 
1 to 1-25 lbs. can be obtained. 

In the rogeneratiYO system continuous or alternate methods are 
employod; with the first, tho hot gases pass through suitablo'fire¬ 
brick channels to tho chimney, and the air for combustion passes in 
the reverse direction through parallel channels, andweo becomes 
heated. In tho alternate method, the arrangement is similar to that 
of Siemens, at least two chequers of firebrick being used; during the 
heating up of tho ono tho other is imparting its boat to the incoming 
air, necessitating reversals at frequent intervals, so that tho oven 
flues aro at timos acting as heating flues, and at others as exhaust 
flues. If the soctions affoetod by the reversals aro large, this leads 
to considerable troublo with brickwork through its alternate ex¬ 
pansions and contractions, and tho heating is never,uniform. All 
modern improvements aim at the multiplication of tho number of 
sections; in the most recent ovens reversals are confined to alterna¬ 
tive verticaLjhtes. In the latest Iioppors plant each ovep has its 
own regenerator beneath the solo flue. 

With regeneration only a portion of the distillation gases are 
required for heating the ovens, so that there is considerable surplus 
gas whioh may»bo employed very profitably in gas engines for power 
production. Naturally this surplus entirely depends upon the 
character of the coal, > and with “fat” coals freqtfently^ reaches 
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50 per cent. Much of this gas is available for illumination purposes, 
which, together with the composition of the eolfo-ovcn gas, is fully 
dealt with under Gasoous Fuel (p. 191), and estimates of the power 
available by its use in gas engines on p. 192. 



Fin. 3.—Coke oven plant, noil-recovery of by-products. 




Flo. 5 —*Cckc oven plant, by-product recovery, regenerative type. 


The distinctive arrangement of the three types, non-recovery 
plant and, recovery plant with waste heat and with regeneration will 
be made clear tty the diagrammatic plans shown in Figs. 3, 4 and 5, 
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In ooking the best results are obtained with coal of small kize, 
which enables small coal, fine washings, etc., otherwise of little value, 
to be utilized economically. Larger coal for coking is usually 
orushed. In modern plants the crashed coal is compressed in a 
stamper and charged into the oven in a solid mass slightly smaller 
than the inner dimensions of the ovens. From 10 to 12 per cent, of 
moisture is usual in the crushed coal, ahd this ensures sufficient 
binding for the mass to retain its proper shape when the retaining 
walls of the compressor are lot down. The moisture also prevents 
the loss of fine coal dust in the gases evolved, which takes place with 
dry fine coal. By compression a charge some 25 per cent, heavier 
can be got into each oven, and the coke produced is firmer and more 
dense. 

The charges and timo of carbonization vary greatly with the type 
of oven and to some extent with the nature of the coal. Beebivo 
ovens take from 5 to 7 tons, tho period of carbonization running 
respectively to 48 hours and 9G hours. Six tons with 72 hours’ 
oarbonization is fairly general. The coal carbonized per oven per 
week averages 20 to 24 tons; the output of coke necessarily varies 
with the volatile constituents of the coal and the losses in the 
oarbonization, 60 to 65 per cent, is a fair average. Modorn retort 
ovens deal with some 40 tonB per oven per week, this with a 72 per 
cent, yield giving 29 to 30 tons of coke. A modern battery of Koppers 
ovens in South Wales, working on a coal with 19 5 per cent, of 
volatile matter, takos an average charge of 6-8 tons of coal, and 
carbonizes it in 28 hours, with a coko yield of 8175 per cent, (ou the 
dry coal). 

Influence of Conditions on the Coke.—The suitability of modern 
recovery plant coko and its efficiency as compared with* beehivo coke 
is no longer questioned. Tho poorer results with earlier retort cokes 
were due probably to an insufliaient temperature being attained, with 
consequent lack of harduoss in tho cell walls. A. .T. Moxharn records 
a maximum tomporature in a beehive oven of 1520 3 C. (2770° F.), 
but this is probably excessive. In the flues of earlier recovery plants 
1100'’ C. to 1200" C. (2010-2190’ F.) have been recorded. 

Tho beehivo oven is sometimes stated to be the only suitable one 
for the “ fat" coals of tho northern counties, but Profossor O'Shea 
(J. S. CWLJ911, 938) gives statistics for 1909 showing that in , 
Yorkshire over”*28 per cent, of by-produot ovens were in use, 
carbonizing coals with an average volatile matter ok 32 6 per cent. 
Generally, statistics show the steady replacement of beehive ovens 
by recovery piant, and in view of the larger weekly output per oven * 
the actual amount of “ fat" coking coals treated must be considerable. 
t Many "lean” coals f{.il to yield a serviceable coke* unless treated 
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in a‘retort oven with quick heating, and the more general intro¬ 
duction of recovery plant on the Continent is due largoly to the faot 
that the bulk of the coals yield a satisfactory coke only in such ovons. 

In beehive ovons practically* the whole heating effect is from 
above downwards, the upper layers boing carbonized first, and then 
maintained at a high temperature. As successive layers undergo 
distillation the hydrocarbon gases and vapours havo to pasB through 
these superimposed incandescent layers of carbon. It is well known 
that under these conditions the hydrocarl>ons broak up and deposit 
their carbon on heated surfaces, and to this is usually ascribed the 
peculiar light grey and highly glazed surface of boohivo coke, to 
which it owes largoly its valuablo property of resistance to the action 
of carbon dioxide in the upper rogions of the blast furnace. The 
chances of penetration of thoso gasos through intact cell walls is, 
however, so remote that this explanation sooms improbable, excopt 
for exposed surfucos. It is more probable that the earlier noted 
differences in appoaranco and the character of the coll walls between 
beehive and retort cokes were duo to different conditions subsequent 
to carbonization. Beehive coke was quenched in the oven, and 
there was no chance of access of air to hot surfaces of coko. In 
retort ovens the coko is pushed from the furnaco and tlion quenched. 
That minimum chance of oxidation and rapid cooling are ossential 
to good appearance is recognized, and in modern plants sprinklers 
are arranged to spray the coke immediately and thoroughly as it 
leaves the oven. The best results are su'd to bo obtaiuod with 
steam quenching. 

One authority states that 1 cubic metro (220 gais.) is requisite 
for quenching each ton of coke. Dirty water will dotract certainly 
Irom the appearanco, and the possible action of alkali chlorides from 
the water has been referred to already. 

When any portion of the charge does not reach a sufficient 
temperature the coal is imperfoctly carbonized, and " black-heads ” 
appear in the coke. With beehive ovens this was found to take 
place at the bottom, and the withdrawal of the products through 
bottom flues was the remedy. In retort ovons such black-heads are 
found at the doors. 

For the development of good cell structure the fused coal must 
be free to “ rise ” as the gasos are evolved ; it is found,.that the 
lower portions of beehive coke are more dense than the upper; 
similarly, with the relatively thin bed of some 2 feet 6 inches in those 
ovens the coke from a given coal is less dense than f hat produced 
in a retort oven, where the depth of fuel is some 5 feet.. 

The best conditions of treatment for a coal can be arrived at 
only by jfroper works trials, but in general, for good cell structure 
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to be developed, the viscosity of the decomposing mass muSt be 
either inherently high enough, or by decomposition become so, to 
remain in the distended condition until'the walls harden by sub¬ 
sequent heating. If less viscid the walls will again collapse, and the 
oell'development be poor. Many " fat ” coals give a viscous mass 
at moderate temperatures, and inflated cell structure results; at 
higher temperatures a more fluid condition is attained, so that by 
quick ^heating through the pasty stage a denser coke results. With 
fairly dry coals prolonged hoating at modorate temperature leads to 
volatilization or decomposition of those constituents essential to the 
production of the viscous bodies, and here again satisfactory coke 
can bo produced only in quiok ovons, such coal often failing to yield 
good coko in beehive ovens. 

Eecovery of By-products.—The system universal until quite 
recently and still most generally employed was exactly similar to 
that in the gas industry—condensation of the tar and ammonia 
liquor, and water-washing to abstract ammonia from the cooled 
gases. For gas engino use the gasos are afterwards cleansed by 
filtration; in Borne cases iron oxide purification from sulphur com¬ 
pounds is also practised. Where benzene is to be recovered the 
gases aro washed with creosote oil, from which the benzene is 
removed by distillation. 

Several improved systems of treatment have been introduced 
which simplify and cheapen the process and do away with objection¬ 
able effluents. In the Otto and Simon-Carvb systems the idea 
is to romove the tar at a temperature above the dew point of the 
gas (70° 0.), in the first ease by a tar spray and in the second 
mechanically, and then to pass the warm moist gases through the 
usual sulphurio acid saturators to form ammonium sulphate. In 
the Hoppers and one or two other systems the gases are cooled to 
about 20-25° C., passed through a mechanical tar separator, the 
oooled gases re-heated to 70° 0. by the waste beat from the hot crude 
gases, and then delivered into the sulphurio acid saturator. To 
reoover benzene in either of these processes the gases must be again 
cooled after the acid saturators; much water separates but contains 
no objectionable solids, and the benzene is recovered by the usual oil 
washing. 

Most ingenious processes are attaining importance, whegeby the 
sulphur in the coal is made to furnish the nooessary sulphurio acid— 
by a series of intermediate reactions which need not be detailed—for 
the conversion of the ammonia into sulphate. The cost of sulphurio 
acid is ordinarily a fair charge on the working of ammonia plant, but 
all coal contains more than enough sulphur to satisfy the ammonia 
evolved, and by the utilization of this sulphur great economies should 
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be ‘possible. In the Bnrkheiser process that portion of the gases 
burnt under the ovens yields sulphur dioxide among its produots; 
the sulphur compounds in the gases not burnt (or in coal gas) are 
removed by a special form of irdn oxide, which yields sulphur dioxide 
when ablest of air is subsequently sent through it, and regenerates 
the active iron oxido, the sulphur dioxide forming with ammonia its 
sulphite, and finally the sulphate. 

Further information on these modern processes may bo found in 
the following articles :— 

“ Coko Manufacture," Andrew Short, J. S. C. I. 1910, 926. 

" Koppers Plant,” Jour. Him Lly. 1911. 113, 777. 

“ Bv-product Coking Process," Ernest Bury, Jour, Him Lhj. 1911, 
113, 917. 

"The Uurkheisor Procoss," Jour. Out I.hj. 1911, 113, 369. 

“Diroct Ammonia Recovory Processes," Jour. Gan Uj. 1911, 116, 
G07. 

“Recovery of Benzol," D. G. Bagloy, Iron and Con/ Tradet 
Review, August 18th, 1911. 

Economic Aspects of By product Recovery.—The recovory of 
the valuable by-products, tar and ammonia, and the effective 
utilization of the gases are questions of enormous national im¬ 
portance, when consideration is given to the limited supplies of coal 
and the enormous waste in its conversion into coke. Suitable small 
coal, otherwise of little value, may bo converted most profitably into 
a good-priced coko, so offering considerable economies ; if by-produots 
are at the same timo recovered, theso economics aro greatly enhanced, 
both from tho larger yield of coke and tho value of the by-produots. 

The amount of coal carbonized annually in Great Britain is 
approximately 355 million tons, yielding 19 million tons of coke, 
75 millions of which are from gasworks and 115 to 12 million tons 
from special coking plant. Statistics show a steady replacement 
during recont years of beehive ovens by retort ovens, and a steady 
increase in the number of by-product recovery plants. W. H, 
Coleman states that of the total coko used for metallurgical processes, 
in 1906 tho by-product rocovery coko was 17 per cent., in 1910 it 
was 34 per cent. Tho amount of ammonium sulphate rocovorod from 
coke oven plant is an excellent guido to tho progress made, and refer¬ 
ence tQ the diagram (Fig. 45, p. 256), giving the p.-duouon from 
various sources during recent years, shows the rapid increase from this 
first source. In spite of the total increase in production the price has 
risen rather than declined, and there seems no reason for supposing 
that, even were all the available nitrogen recovered*as ammonium 
salts in the various processes for gasifying coal, any great depreciation 
in the market price would result. 
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A fair working yield of ammonium sulphate per ton of coal may 
be taken as 18 lbs., and from the latest returns it would appear that 
on this basis about 8 to 8 5 million tons of coal are at present coked 
in < recovory plants (excluding gas Works), representing nearly half 
the total amount carbonized. Tho recovery of sulphate from the 
remainder would yield about £1,200,000* and to this must be added 
the value of tho tar. Tho development of the Diesel engine has 
rendered crude tar available as a fuel, and for this purpose there 
is likely to bo a considerable demand. Further, tho greatly in¬ 
creased importance which benzene is likely to assume for high-speed 
internal combustion engines must also bo taken into consideration. 
In addition to the economic valuo of the by-products themselves, the 
direct saving of coal which is possible through an increase in the 
quantity of surplus gas and the bettor utilization of the waste gases 
is vory largo. 

Tho estimates of power available per ton of coal carbonized 
given in Table XXI. aro based upon figures commonly obtainod in 
practice— 


TAl’.I.F, XXI. 

IIorsk-I'Ovv Kit run Ton or Cun, carbonized in Cokino Ovens. 

<«as. 

Surplus gas per ton of 
coal carbonized . 5000 cu. ft. 


Heat units required 
per B.H.P. 0500 

(27 p.c. eff.) 

5000 X 500 
0500 
- 2GG 

Results of tosts on coko oven gas at the Cockorill Company’s 
works showed that for 1 KW. at tho terminals, the consumption of 
gas was 3511 cu, ft. of a calorific valuo of 450 B.Th.U.—approxi¬ 
mately 9000 I5.Th.LT. por B.H.P. on tho gas engine with 95 per cent, 
efficiency of tho generator. II. G. Column gives tfie consumption of 
458 B.Th.U. gas in a Nurnberg engine of 1200 H.P., working at 
100 revolutions, as 21-3 cu. ft. por B.H.P., equal to 9750 B.Th.U. 
per H.P. “ 

It may be estimated that a coke oven plant carbonizing 400 tons 
per day and giving 50 per cent, surplus gas, will with' large modern 
gas engines consuming 21 cubic feet por B.H.P. operate a power 
plant of 4000 b.H.P. per hour. 

Coke oven gas is dealt with under Gaseous Fuels, Chapter XI., 
and further reference made to thq by-products, 


Steam raised per lb. of 
coal carbonized . . 125 lbs. 

K<‘t 1|>r>x'*ttng 

iMiKluea. Turbines. 

Steam required por 

B H.P. (or S.H.P.) 15 lbs. 11 lbs. 


H.P. per ton 


2210 x 1-25 2240 x 1*25 


15 

= 187 


11 

- 255 
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Special Forms ok Coke 

Coalite. —This special form «f coko was introduced primarily wit 
the idea of providing a smokeloss fuot capal io of l>oing burnt oasil 
in the ordinary domestic grato, and ignited diroctly in tho usut 
manner with wood. To obtain these results, distillation at a low re 
hoat (about 400’0. or 750' F.)was employed, and at this tomperatur 
the fully carbonized coko was comparatively soft and porous, an 
still contained a considerable proportion of volatile mattor, whio 
characters rendered it easy of ignition and free burning. In an ope 
grate a moro perfect fuel has never bocn employed. In tho mor 
recent form of the sovoral systems experimented with, tho retort 
were long cylindrical iron tubos with a slight taper from tho to 
downwards, oight of thoso being cast in two rows side by sido. Th 
distillation products wero led off at tho top, and passod through th 
usual condensers and washers for tho recovery of tar and nmmonit 
and tho purified gas was led into holdors. The quantity of ga 
yielded was approximately half that obtained in gasworks practici 
0000 cubic foot per ton, and it dill'erod widely in composition fror 
ordinary coal gas, being rich in methano and othor hydrocarbon 
and relatively poor in hydrogen. Its candle power was therefor 
high, frequently amounting to over 20 candles. The yield of tn 
averaged 21 gallons per ton, and its character was widely dilToreu 
from that of ordinary gasworks tar, being of lower density, and poi 
in aromatic hydrocarbons (benzene, etc.); naphthalono anil anthrt 
cone wore practically absent, but a fair proportion of liquid paraffi 
hydrocarbons and hydrocarbons of the hydro-aromatic series wor 
presont. Phenol or carbolic acid was practically absont, but th 
higher tar acids—crosylic, etc.—wore present in far greater quantit 
than in coal tar. 

The avorago proximate composition of a large number of sample 
examined by tho writor gave, in tho dry state— 

Volatile mattor.10'17 per cent. 

Coke . . .80 03 „ 

Calculated on the pure combustible, the rosults were— 

Volatile hydrocarbons.11 per cent. 

•Fixed carbon.89 

In the production of a successful fuel of this naturo it wa 
essential to have a uniform character, i.c. tho amount of volatil 
matter in the core should be but little greater th%n that on th 
outside. This could bo accomplished in a reasonable carbonization 
period only by treating in thin masses, which led to the introduction 
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difficulties in getting the coalite to drop out, or, in other samples, 
the swelling at the low'temperatures was sc pronounced that serious 
trouble at the mouthpiece was experienced. In a narrow tube the 
escape of the gas upwards from the botton portions of the charge 
wad greatly impeded by the semi-fused coal above. The disposal or 
eoonomio utilization of the gas was another difficulty. 

S. n. Parr and II. L. Olin {Bull. g5 (1913) Eng. Exp. Station, 
Unit * of Illinois) record experiments in coking coal at low tempera¬ 
tures (450" C. or 810 F.) by moans of superheated steam, which has 
no chemical action on the coal at this temperaturo. The following 
yields aro given :— 

Coke 75 - 80 per cent. Ammonia 0-8 lb. per ton 
Tar 8 „ (las 1100 cu. ft. ,, 

Tho exclusion of oxygen is stated to bo essential for obtaining 
good coko in low temperaturo carbonization, and pressure must be 
applied during tho process to obtain firm blocks. 

Charco and Coalexld.—In these forms of fuel attempts were made 
to ovorcqmo the drawbacks to tho domestic uso of gas coke either by 
special conditions of cooling (Charco), or by tho addition of small— 
almost inlinitosimal—amounts of chemicals to tho retort charge 
(Coalexld). By preventing the access of air to tho coke by means of 
a 6 to 8 inch layer of coko breoze, tho resulting coke was said to 
burn without tho crackling noiso of quenchod coko, and to remain 
alight with ordinary draught. It is difficult to soo why this method 
of cooling should give hotter results as far as burning when com¬ 
pared with coke which bad not boon treatod with an unduo excess of 
water; it was claimed that the slow cooling was more of tho 
character of “annealing" and considerably modified tho character 
of the product. 

Coalexld.—Coalexld was produced by tho addition to an average 
coal of 14 ouncos of potassium chlorate, 6 ounces of potassium 
nitrate, and a quarter ounco of potassium permanganate to 1 ton of 
coal before charging the retort; in all 20-25 ounccsln 30,840 ounfcos. 
This minuto quantity of chemicals, which on decomposition by heat 
can only evolve oxygen, was claimed to improve the coke, making it 
bum better aiKb'give out more heat and prevent clinkoring.’ With 
very inferior coking coal a larger quantity of the mixture was claimed 
to make the coke of a good character. 

Carefully conducted tests on Coalexld are recorded by Mr. H. 
Kendricks before the Manchester District Institution of Gas 
.Engineers, 1910 (Jour. Gao Ltg. 1910, 109, 680), on the effect of the 
process op. the gas, tar ant' coke. So slight are the differences that 
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they fall well within the range of slight variation in conditions and 
unavoidable experimental error. 

■ Through the kindness of Professor Vivian B. Lewes, samples of 
ooke, Charco, and Coaloxld, produced as nearly as possible under the 
same conditions from the same coal, were obtained and examined by 
the author with the results given in Table XXII. 

TABLE XXII. 

Analyses of Coke, Chauco and Coai.kxi.d. 


Oi(Unary toke 

Clitrvo. 

Coalexld. 

Proximate analysis on the dry 




sample— 




Volatile matter. 

4-3G 

2-52 

2-40 

Ash. 

GUO 

6-53 

008 

Analysis on tho pure com- 




bustible— 




Carbon. 

04-45 

96 09 

95-83 

Hydrogen. 

1*26 

0-69 

0-88 

Sulphur. 

0-60 

0 42 

0-46 

Oxygen and nitrogen . . . 

3-70 

2-80 

2-84 

Calorific value on the puro com- 




bustible (Mablcr bomb)— 




Calories per kilo .... 

8,450 

8,150 

8,240 

B.Th.U. per lb. 

15,000 

14,070 

14,840 


It is impossible to arrange that carlxmization is carried just to 
the same point in oach caso on a largo scale, but with all possible 
allowance for the higher volatile matter in the ordinary coko, thoro 
appears no ground for believing that these special cokes are an 
improvement on ordinary coke, unless in a manner undiscoverable 
by chemical analysis or determination of calorific value. 

A largo sample of ground Conlexld was extracted with water, and 
its calorific value in tho Mahler bomb compared with that of the 
original Tho results obtained were— 

Coalexld.7140 calories 12,880 B.Th.U. 

Coke residue .... 7154 „ 12,800 „ 

tho difference being well within tho limit of experimental error. 
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COMPOSITION AND CHARACTER OE El!EE OILS 

Until within the past decade it was generally understood that n 
liquid fuel was a heavy oil capable of being burnt for steam-raising 
or for heating operations in metallurgical or othor furnacos, but the 
term has acquired much wider significance sinco the introduction of 
the internal combustion engine. Within recent years the marvellous 
development of such engines and their application to the motor-car, 
the submarine, the dirigible balloon and aoroplanc, which have com¬ 
pletely revolutionized our idoas of locomotion, and rendered possible 
that mastery of the sea in submerged craft and the conquest of tho 
air so long sought by man, havo been possible only by reason of 
the suitability of light oils or spirits for such ongines, enabling the 
maximum of beat units to bo carried in minimum space and 
efficiently employed in the ongine. 

Liquid fuel for external combustion must now ho relegated 
to tho second place in importance for power purposes, and 
fuels suitable for internal combustion engines regarded as the 
principal liquid fuels, and theso are increasing daily in relative 
importance with the application of heavy oil-fired engines of the 
Diesel type. Heavy fuel oil, however, has played no small part in 
the development of our maritime power; to tho splendid results 
obtained by oil-firing in conjunction with the use of turbines the 
marvellous pojyer and speed of battleships of all types must be 
ascribed in a large measure. 

The consideration of liquid fuels is, for convenience, divided into 
two sections; in the first, fuels suitable for external combustion are 
dealt with; and in the second, fuels for internal combustion engines, 
bq| no hard and fast line can bo drawn actually betweep the twp, 
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106 LIQUID FUEL [chap. 

for an oil of suitably high flash-point for burning is equally applicable 
for use in engines of'the Diesel type. 

Liquid Fuel for Steam-raising.—The advantages of liquid fuel 
fbr steam-raising as compared with coal are very great, and may be 
summarized as— 

High Calorific Value: 1 lb. of oil fuel averages 19,500 B.Th.U. as 
compared with 12,500 B.Th.U. for average coal. This is due to the 
inherent high calorific value of the hydrocarbon constituents, and to 
the high purity of oils, the non-combustible matter usually being 
almost negligible. 

The theoretical evaporative value of petroloum fuel oil is thus 
about 20 lbs.; one eminent firm will guarantee 16-5 lbs. from and at 
212° F. when the rate of evaporation docs not exceed 4-5 lbs. per 
square foot of surface, and 14 lbs. with evaporation at the rate of 16 
lbs. per square foot. 

Low Stowage Value: 1 ton of oil averages 38 cubic feet as against 
an average for coal of 43 cubic feet. 

The high calorific value and low stowage valuo enable a greater 
number of heat units to bo carried or stored por cubic foot of space 
than for coal in tho ratio of 1’7 to 1. 

Further, oil can be stored on shore in tanks below the ground 
level, thus economizing in space, or on hoard ship stored in fore or 
aft compartments or the double bottoms, situations impossible for 
solid fuel, tho bunkers for which must be situated conveniently in 
relation to the stoko-hold. 

Those properties, in tho caso of vessels of the mercantile marine, 
leave valuable space free for cargo; in battleships, they add 
enormously to the radius of action of tho vessel. 

Easy Control of Consumption: this being effected by opening or 
closing tho valve, or by putting into or outr of action additional 
burners, is a simple operation, and any desired rate of steam pro¬ 
duction can readily be ensured; further, a steady steam pressure can 
be assured. 

Economy in Staff: control being so easy and the heavy labour in 
coal-trimming and handling abolished, great reductions of Btoke-hold 
staff are possible. This is important in the mercantile marine from 
the point of view of wages and provisions. In the Navy it means a 
reduotidh in the crew, with less loss of life in the event of'a vessel 
being sunk in action, and a greater proportion of th^ crew available 
for fighting the ship. 

Many examples of reduction in staff might be quoted; all show 
that one man*with oil may reasonably replace six to eight with coal. 
Kermode estimates that the firemen on a largo liner (Lusitania), 
numbering 312, could j^e replaced by 27 men if oil-tiring were 



.FUEL OILS 


vn.] 


107 


adopted, and with wagoa at 28». per week, a wr-My saving of £286 
would be possible. 

Cleanline$s: Bunkering with coal, especially on board ship, must 
be always an extremely dirty process, and result in valuable time 
being spent in cleaning up. Since oil can bo pumped through suit¬ 
able hose directly into the tanks no dirt is distributed. Further, in 
the case of battleships, the practicability of taking in oil supplies in 
this manner while under way at sea is an important matter. 

Again, oil burns without residue, so that the handling and 
disposal of ashes, clinker, etc., are obviated. The amount of inert 
matter in the form of ash carried with coal is often overlooked ; 2000 
tons of bunker coal with 5 per cent, of ash means shipping no less 
than 100 tons of useless material. The absence of ash, moreover, 
leads to better efficiency, ns the opening of the doors for cleaning the 
fires is rendered unnecessary. 

Other minor advantages are the non-detorioration of oil in 
storage; the absonco of danger from bunker explosions with oil 
of satisfactory flash-point, lower stoko-hold temperatures, no cor¬ 
rosion of the bunker plates, and tho abolition of the excessive physical 
exertion in stoking. 

The advantages of liquid fuel are not confined to steam-raising ; 
its high intensity of combustion, and tho easo with which a steady 
temperaturo can be maintained over a long period, and tho facility 
of control are very favourable to its uso in ninny metallurgical and 
other industrial operations. For many purposes the absence of ash 
and tho low sulphur contont of most oils are greatly in favour of its 
employment. 

The advantages to bo derived from the use of liquid fuel in place 
of coal are unquostionablo, and the matter resolves itself largely into 
considerations of supplies and price. In the British Dominions 
generally, and in Great Britain in paiticulnr, tho bulk of oil suitable 
for fuel must always bo imported, and tho continuity of supplies, 
which has even under peaco conditions suffered interruption, with 
consequent great advance in price, demands careful consideration. 
The economic aspects of oil fuol are doferred for discussion in a later 
chapter. 

Characters necessary in a Fuel Oil. The oil should have a high 
calorific*valuo; the highest will lx> found with those oils ecffisisting 
almost entirely,of pure liquid hydrocarbons. Oils containing any 
quantity of oxygon compounds, such as tar oils, have necessarily a 
lower calorific value. For safety in use the oil mus| not give off 
inflammable vapour until a temperaturo well above any likely to be 
attaint in use is reached, that is, its Flash-Pyint must be high. In 
the,mercantile marine the flash-point must got be lower thtqi_150' > F, 
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(close test), and for Naval use below 200°F.‘ In order that the oil may 
flow readily through pipes it must not be too viscous at ordinary 
temperatures. Many natural oils and.residues contain so much solid 
hydrocarbon in solution that on lowering the temperature they become 
semi-solid. Tho oil should he as froe from water as possible, or there 
w a risk of the burnors being extinguished, and free from solid 
matter, otherwise the line orilices „of the burners will become 
choked. 

- The following abstract of the oil fuel specification drawn up by 
the United States Bureau of Mines (Technical Paper, No. 3, 1911), 
summarizes admirably tho desirable characters and other important 
points 

Fuel oil should bo oither a natural homogeneous oil or a homo¬ 
geneous residue from a natural oil; if the latter, all the constituents 
having a low flash-point should have been removed by distillation, 
but not at such high temporaturo as to produco free carbon; it 
should not bo a mixture of a light and heavy oil mixed to givo tho 
right gravity. 

Range of Specific Gravity. —0'85 to 0 96 at 15’ C.: rejection is 
above 0 97. 

Fltuli-jmint .—In Abol-Ponsky or Ponsky-Marteu, 60" C. (140° F.). 

Mobility .—It should ho mobile, freo from solid or soim-solid 
bodies ; should flow readily at ordinary tomperatures under a head of 
1 foot of oil through » 4-inch pipe, 10 feet in longtli. 

It should not congeal or bocoino too sluggish to flow at 0° C. 

Calorific Value .—Not less than 18,000 B.Th.U. per lb.; 18,400 
B.Th.U. to bo tho standard. Bonus or penalty clauses are inserted 
in tho contracts. 

Water .—Kojoet if above 2 per cent. 

Sulphur .—Reject if abovo 1 per cent. 

Sand, Clay and Dirt.- -Not contain more than a trace. 

All particulars as to source of oil, where distilled, nature of oil, 
must be stated. 

Sampling .—Sampled on delivery, and from tho bulk of samples 
another shall bo drawn which should represent fairly the bulk. 

Care is required that samples from a tank,'etc., shall be fair. 
Sampling by dipping must bo from all parts. 

• A good mothod is to take a 1-inch tubo long enough tcvreach to 
the bottom of the tank. A conical plug is fitted to the bottom, and a 
stiff, strong wire runs up through tho tulie. The plhg is allowed to 
hang below the bottom end, and the tubo is slowly pushed down into 
the oil, so asHo cut a core. When the tube is nearly at the bottom, 
the wire is pulled to get the plug into tho end of the tubp, which is 
For Xdmlr&lty specification, see page 109. 
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then struck firmly on the bottom of the tank, this driving the plug 
well home. # p 

It may be desirable to take cores at several points. 

Weight from Volume.— Observed#specific gravity for each dcgroo 
above or below IS'’ C., add or subtract 0-0006. 

Weight of 1 gallon 1 in lbs = 8-3316 x (correct specific gravity). 

„ 1 cubic ft. = 02*3125 x ( „ „ ). 

The following is a copy of the specification issued by the 
Admiralty (1913):— 


1. Quality .—The Oil fuel supplied under this Contract shall consist of 
Liquid Hydrocarbons, and may be either :— 

(а) Shale Oil; or 

(б) Petroleum as may be required ; or 

(c) A distillate or a residual product of petroleum; and shall comply 
with the Admiralty requirements as regards Hash-point, fluidity at low 
temperatures, percentage of sulphur, presence of water, acidity and freedom 
from impurities. 

The flash-point shall not be lower than 175° P. close test (Abel or 
Pensky-MartenB). [In the case of oils of exceptionally low viscosity such 
as distillates from shale, the flash point must be not less than 200° F. | 

The proportion of sulphur contained in the Oil shall not exceed 8 00 
per cent. 

The Oil fuel supplied shall be as free as possible from acid, and in any 
case the quantity of acid must not exceed 0*05 per cent., calculated as oleic 
acid, when tested by shaking up the Oil with distilled water, and determining 
by titration with decinormal alkali the amount of acid extracted by the 
water, methyl orange being used as indicator. 

The quantity of water delivered with the Oil shall not exceed 0*5 per cent. 

The viscosity of the Oil supplied shall not exceed 2000 seconds for an 
outflow of 50 cubic centimetres at a temperature of 82° F., as determined 
by Sir Boverton Redwood’s Standard Viscometer (Admiralty type for testing 
Oil fuel, p. 810). 

The Oil supplied Bhall be free from earthy, carbonaceous, or fibrous 
matter, or other impurities which are like ly to choke the burners. 

The Oil shall, if required by the Inspecting Officer, be strained by being 
pumped on discharge from the tanks, or Tank Steamers, through filters of 
wire gauze having 16 meshes to the inch. 

The quality and kind of Oil supplied Bhall be fully described. The 
original source from which the Oil has been obtained shall be stated in 
detail, as well as the treatment to which it haB been subjected, and the 
place at Tghich it has been treated. » * 

The ratio which the Oil supplied bears to the original crude oil Bhould 
also be stated as e*percentage. 


1 This refers to the United States gallon, of which there are to the barrel 
of oil; equal to 85 Imperial gallons. The weight of the Imperial gallon of oil 
will be the corrected gravity x 10, since there are 10 lbs, to the Imperial gallon 
of water.’ 
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Available Oil Fuel*.— The available oil fuels are heavier portions 
of natural petroleums and shale oils, tar oils derived from coal 
distillation, blast furnaco tar, water gas tar, and tar from gas i 
producers. • 

Petroleum 

As crude petroleum is the source from which the bulk of oil fuels 
—ranging from potrol to heavy oil—is"obtained, its gonoral characters 
and distillation may be doscribed conveniently here, the individual 
distillates boing considered more fully later. 

Petroleum occurs widely distributed throughout the world, but 
the two groatest oil-producing regions are those of America and the 
Russian fields. Within recent years the oil fields of California, 
Texas, and Mexico have assumed considerable importance. In the 
EaBt, oil is found in quantity in Burma and tko Eastern Archipelago, 
notably Borneo. The British Empire does not contain any important 
oil fields, but there are small outputs of oil in Canada, Australia, 
New Zealand, Newfoundland, Trinidad, and Barbadoes. Table III. 
(Appendix) shows the world’s output in barrels of 42 gallons (United 
States Geological Survey). 

Physical Characters. —The origin of petroleum is still a matter of 
debate and need not bo considered here. As obtained from the 
borings it varies in colour from a light yellow to almost black; some 
oils are highly mobile, whilst others are thick and viscid. Sir 
Boverton Redwood found the lowest specific gravity (0-771) in 
samples from Washington, U.S.A., and Sumatra, and the highest 
(1-00) in a Mexican sample. According to the same authority, the 
rango for American oils is between 0 785 and 0-945, and for Baku 
oils 0-85 to 0-90. 

The flash-point may be from below the freezing-point of water up 
to 320“P. 

The coefficient of expansion (tho ratio of the increase in volume 
for 1° to the original volumo) with rise of temperature is an important 
property, and duo allowance must be made for this in estimating 
deliveries under different temperature conditions. Tho lower the 
specific gravity of tho oils tho greater is the rate of expansion. For 
,heavy gils, this is 0-0007 per ° C. (0 00039 per “ F.), and for lighter oils 
0 00072-0 00076 per ° C. (0 00040-0 00042 per ° F.). For Roumanian 
petroleum Petroni gives — ' » 

Specific gravity. Coefficient of exp*n»lon per °C. 

0-730 - 0-820 0 0009 - 0 0010 

0-830 - 0-870 0 0008 - 0 0009 

0-870 - 0910 0-0007 - 00008 ' ' 
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Sir Boverton Redwood states that the following values may be 
taken in practice for expansion per degree Fahrenheit:— 

Oils lighter than kerosene .... 0-0004 -0 00048 


Kerosene 0 0001 

Gas oils. u-00036 

Lubricating oils. 0 00034 


The vi»eo»ity of petroloum oils varioB greatly even with oils from 
the same district. It increases with rise of specific gravity, tho 
higher value for both boing depondout mainly upon the presence of 
heavier hydrocarbons, possibly solid paraffins hold in solution by the 
higher liquid paraffins, but no connection can bo traced between 
viscosity and specific gravity, oils of the samo specific gravity varying 
widely in viscosity. Increase of temporaturo causes a rapid docroase 
in tho viscosity, and a rise of a few degrcos will often cause a sluggish 
oil to flow freely. 

The tjtecific heat is frequently important, sinco it is often necessary 
to heat fuel oils before use. The specific heat decreases almost pro 
rata with a rise in specific gravity. Mabcry and Goldstein (dncr. 
Client. Jour. 1902, 28, G7) give the following values for crude oils: - 


Speelflr Spe< lllc 

Kravity. Iteal. 

Pennsylvania.0-H0U5 0-5000 

California. 0-9600 0-3980 

Texas. 0 9200 0 4310 

Russia. 0-9079 0-4350 


Determinations made by the author for fuel oils give the following 
results 



^jieclflc 

Specific 


gravity. 

iH-at, 

Russian . . . . 

.0-914 

0-448 

Burma .... 

1 0-897 

0-433 

.10-924 

0-406 

Texas . 

.0-927 

0-436 

Shale. 

.0-880 

0-460 


The calorific value of petroleum and heavy oil fuels is dealt with 
at the end of tho present ohaptcr. 

Chemical Composition of Petroleum.—Petroleum consists almost 
entirely*of the elements carbon and hydrogen, together with small 
and varying quantities of oxygen, nitrogen and sulphnr. According 
to Veith, the proportions are— 


Carbon. 79-5-87-1 averafjD 84 5 

Hydrogen.11-5-14-8 „ 12-5 


Oxygen, etc.01- 8-9 „ 2-0 
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The sulphur in petroleum seldom exceeds i per cobt., but over 
2 per cent, has beqp recorded in sanjples from Texas. Average 
American petroleum contains about 0'5 per cent. 

Sulphur is objoctionable in fu$l oil, especially for use in internal 
combustion engines, by reason of the corrosion its products of com¬ 
bustion set up. The objectionable odqpr of many oils is due partly 
to sulphur compounds, which occur mainly as organic sulphides, but 
it is frequently found that after the objectionable smell has been 
removed by chemical treatment, there is no great reduction in the 
sulphur. . 

Hydrocarbons Present in Petroleum.—By a combination of 
chemical treatment and refined methods of fractional distillation a 
largo numbor of hydrocarbons have been isolated from petroleums, 
and it has boon established that all natural oils consist of mixtures 
of numorous hydrocarbons belonging to various well-rocognized 
series, and at loast mombors of eight such series havo been identified. 
By a “ series ” is meant a succession of definite compounds, the 
individual members, as one ascends in molecular weight, showing a 
regular - difference in the number of carbon and hydrogen atoms 
prosout, and it is therefore possible to write a general formula for 
the mombors. 

Of these eight series of hydrocarbons the following are the 
principal 

Naphthene* »»r Fennone or 

Pant dins Olefines pneudvolelmes aromatic 

C„1L„, 3 C„IL„ C.H»„+1I, 

The lower members of a series are frequently gases, soon passing 
into easily condensible liquids, and finally through more and more 
stable liquids until solid substances are reached. Increase iu mole¬ 
cular complexity is then accompanied by rise in boiling-point in the 
caBe of liquids, or of melting-point in the case of solids, and the 
rise iu these properties is also associated with a rise in specific 
gravity and viscosity. Thus, in the case of the paraffin hydro¬ 
carbons, the first four members are gaseB; at GjH, 2 (pentane) we 
have a very volatile liquid; the subsequent liquid members increase 
in boiling-point and density until about C 18 II*, (octdecane) jelly-like „ 
hydrocarbons (mineral jelly or vaselin) are reached, and these finally 
are succeeded, about CaH„, by solids, whioh in various mixtures 
constitute paraffin wax. 

The character of a natural oil and the proportion of different 
commercial opnstituents (petrol, illuminating oil, etc.) which it will 
yield will vary principally according to the different proportions of 
the members of a given series nresent. but also through the varying 
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proportion of hydrocarbons of tho different series. It is found that 
American petroleum consists mainly of paraffin hydrocarbons, whilst 
Russian oil is composed chieffy of naphthenes, in si me cases to the 
extent of 80 per cent. For a given range of boiling tho hydrocarbons 
of the latter have a higher density than paraffins, consequently a 
fraction from Russian oil is of highor density than the corresponding 
fraction from American oil. Solid parnffins are said to bo absent in 
Galician oils, and these oils (together with Roumanian) differ from 
most others in that the portions distilling below 150“ are rich in 
aromatic hydrocarbons. 

Distillation of Petroleum.—Natural petroleum is found occasion¬ 
ally containing so small an amount of lower hydrocarbons that it 
can be used directly aB lubricating oil, etc., after clearing by subsi¬ 
dence or filtration; with rather more of the volatile constituents, by 
spontaneous evaporation from shallow layers or slight distillation, 
these may be recovered, giving a residue ('' reduced oil ”) suitable 
for oil fuel, etc. In gonoral, however, systematic distillation is 
necessary to yield the various important commercial fractious. The 
method of carrying this out varies in different oilfields, and with 
the character of the oil and tho fractions it is most profitable to 
obtain, so that only a general description is given hero. 

The stills are heated by n fire beneath, and usually so fitted that 
steam may lie admitted. The distillation is generally divided into 
two operations; in tho first tho crude oil yields as distillates tho 
naphthas and illuminating oils, leaving in the still a residue which 
is run off into another still and further fractionated, yielding lubri¬ 
cating oils and oils rich in solid paraffin. Between the illuminating 
oils and the oils suitable for lubrication more or loss “ intermediate " 
oil is obtained. It is found that higher oils of this type on strongly 
heating break down into lower boiling oils, so that by allowing them 
to condense and fall back into the much hotter oil below, or dis¬ 
tilling under higher pressures, a considerable increase in tho lower 
boiling oils is obtained. This breaking down is known as “ crack¬ 
ing." The fuel oils for burning will consist of the portions remaining 
after lighter distillates have been removed sufficiently for the residue 
to have a satisfactorily high flash-point. In Russia these residues 
are known as Ostatki or Masut. Such fuel oils are not themselves 
distilled over, consequently they are very dark in colour and. may 
contain particles of free carbon. 

The schemes* shown on p. 114 indicato the general course of 
refining in America and Russia. 
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General Schemes illustrating Petroleum Distillation 
America 


Crude Petroleum 


Naphthas (up to 150° 0.) 
Sp. Or. about 0 730 


-^Illuminating oils 
(150 300° C.) 

Sp. Or. about 0 800 


Sp. 


Residuum 
Gr. about 0 940 


Redistilled by steam heat. 

Sp. Gr. 

a. Gasoline 0C0 -0 67 

b. Naphtha C 0-682-0-702 

c. „ B 0-716 0 720 

d. „ A 0-743-0-747 


Are refined by wash¬ 
ing with acid and 
alkali 


Goes to second still, and 
is distilled with steam, 
passing through 


'—Illuminating 

oil. 


Lubricating 

oils. 


Paraffin Coke, 
oils. 


Russia 


A continuous system of distilation is generally employe.!. 


Crude Petroleum 

i 

Benzine 

Sp. Gr. 0-750 

Burning oil I. 

(kerosene) 

Sp. Gr. 0-825 

Burning oil II. 

(Solar oil) 

Sp. Or. 0 850 

Residue 

(Ostatki) 


Solar oil 

Sp. Gr. 0-870 
(150-170°) 

Lubricating oils 
(170-320°) 

Sp. Gr. 

a. Spindle C-900 

b. Machine 0 910 

c Cylinder 0915 

Tar 


Tield of Different Commercial Fractions.—Owing to the wide 
■ variation of the crude oils in different fields in the same country 
and the consequent difference in the process of .distillation, which is 
governed both by the character of the oil and by the markets for the 
products, it is difficult to give more than rough approximations for 
the yields 01 the various products. Table XXIII. has been drawn 
up from either average or typical oils. , 
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TABLE XXIIL 


Composition op Crums I'ktrolkum On*. 



Naphthas (benzine, pe¬ 
trol, etc.) 

Lamp oil (kerosene) 
Intermediate oil (*>u!ar, 
gas oils, etc.) 
Lubricating oils , . 

ltesiduo and loss . . 


| P«nn«jrl- 
j tails | 

O.mala 

! 

Ti*xa* 

: 1 

Pakii ^ Maikop 

15 

r i 

ft | 

11 

6 j 

1G 

fit) 

12 

40 

10 

:« 

20 

0 

) 30 

! is 

I 8 

7i 


58 

4 H 


Amen¬ 

tum* 


ft 

10 


28 

Mi 


Trinidad. 


12-20 

30-60 

80-45 

5 


The yields of different commercial fractions (residues and loss in 
working omitted), as given by Kessler, nro shown in Table XXTV. 


TABLE XXIV. 


Composition op Ciicue rr.TBni.KCMB (Kos-ler). 


~.| 

1 

S|nHflc 
gra\ ity 

IWwuic 

Burning. 

Ifiti'rmnlUti' 

Pennsylvania . . 

0-812 

11 

4H 

13 

Galicia . , ■ 

0 85G 

12 

34 

22 

Roumania . . . j 

0 852 

1ft 

41 

i3 

Sumatra .... 

0 77ft 

38 

48 

0 

Borneo . . . . , 

0-850 

17 

ftl 

H 

Germany. . . . . 

0-881 

3 

2'J 

27 


I ulirii itElig. 


27 

31 

24 

7 

1H 

40 


The yield of heavy fuel oil for burning may he taken approve 
mately as— 

American.20 per cent. 

Bussian.00 „ 

Borneo, Texas, and California . . 75 „ 


Shale Oil 

Tho production of shale oil is an important consideration in view 
of this being the only fuel oil of high quality which is produced in 
Great Bqtain. The bituminous shales which are employed aro 
confined to a narrow strip of country between Edinburgh and 
Glasgow and on the Firth of Forth in tho neighbourhood of Edin¬ 
burgh. Shales employed for distillation are also found in New 
South Wales and New Zealand. The distillation was i'fitahlished 
in Sootland originally by Young in 1849 for the production of 
burning arkf lubricating oils. 
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The process of distillation is a continuous one, the shale being 
fed into vertical rctflrts ; the uppor part of tho retort is of iron, and 
this is heated to nl>out 480’ C. (900’ F.), and tho lower part of 
firebrick, this portion boing heated to 700' C. (1300’ F.). The 
hydrocarbons are all driven off before tho residue, which amounts 
to 70-80 per cent, of tho charge, passes into the firebrick part. 
This residue still contains from 9 to“ 14 por cent, of carbon and 
much nitrogen. 

Steam is blown through tho retort during distillation, and per 
forms three important functions. The use of steam was intended 
primarily to prevent decomposition by heat of the valuable paraffin 
wax; it also plays an important part in tho oflicient recovery of 
ammonia, and in tho gasification of the carbon present in the residue 
below the iron portion of tho retort. Shale contains from 116 to 
1-40 per cent, of nitrogon, and a notable proportion of this is in the 
above-mentioned residuo, and without steam could not be recovered. 

Passing from the still are tho oil vapours, tho stoam, and about 
2000 cubic feet per ton of non-condensible gases. After condensa¬ 
tion of tho oil and steam these gases are gonerally utilized, together 
with producer gases, for heating the retorts. 

Shale yields a very varying quantity of crudo oil—from 18 to 40 
gallons por ton, tho averago boing 23 gallons. The spocilic gravity 
of the oil is between 0-860 and 0 890, and it usually solidifios at90°F. 
The oil is afterwards l'odistilled and submitted to chemical treatment. 
From tho higher boiling portions paraffin wax is obtained by cooling 
and pressing. The products are similar to those obtained from 
petroleum-naphthas, a proportion of which is available for motor spirit, 
burning oils, intermediate and lubricating oils. It is these heavier 
oils, freed from paraffin, which ore so eminently suitable for fuel 
purposes. 

It is only by tho remarkable fuel economy practised in the 
distillation of shnlo and tho good recovery of ammonium sulphate 
that tho industry has beon able to hold its own against the supply 
of natural oils, and it is noteworthy that in recent years it has 
undergone considerable extension. In 1909 tlirge million tons of 
shale wore treated, with an average yield of 23 gallons por ton. The 
quantity of the different commercial products obtained was— 

68,000,000 gallons crudo oil 

I ~~1 1 l i. 

4,000,000 gallons 22,000,000 gallons 40,000 tons 40,000 tons 

naphtha lamp oil intermediate lubricating 

v or gas oil oil 


60,000 tons 
ammonium 
sulphate 


yielding 25,000 tons of 
paraffin wax. 
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Brown Coa! Tar Oils.—llvero lining no deposits of brown ooal in 
this country, such oils arc of no importance hero, hut with the largo 
deposits in many parts of the Empire such fuels may at somo time 
bocorno of value, although only a certain class of such coals is 
capable of yielding the desirod products, and this ran ho ascertained 
only by actual distillation. Generally, lho character of the dis¬ 
tillates obtained from suitable brown coals is similar to tho Blialo 
products. 


Tar Oii.s 

Thoso are of considerable importance in Great Britain, forming 
the only possible native supply of fuel oils, with tho exception of 
tho shale distillates. With tho adaptation of the Diesel ongino to 
such fuels as erudo tar, and the increasing importance of benzene 
as a substitute for petrol in high-speed internal combustion engines, 
tar oils will assume increased value from tho fuel point of viow. 

Tho more common forms of tar are thoso resulting from coal 
distillation in gasworks and coko ovens; in addition, considerable 
quantities aro producod from blast furnaces working on hard coal, 
and minor quantities, which aro important only locally, from all 
gaa-prodncor plants working on bituminous fuels. The following is 
an approximate estimate of the tar producod annually ;— 


On 15 million tons of coal in gas works, yielding 

4 - 5 per cent, of tar. 700,000 tons 

On 8-5 million tons of coal in coke ovens, yielding 

5 per cent of tar.425,000 ,, 

From blast furnaces.200,000 ,, 


1,325,000 „ 

The physical characters and chemical components of tar aro 
dependent largely upon the conditions of distillation of tho coal. 
With high temperatures and tho subjection of tho products of 
distillation to a high temperature before escaping from the retort, 
as with the usual typo of horizontal gas retort, tho tars aro very 
viscid and are highly charged with naphthalene and free carbon. 
With low temperature tars, such as arc obtained in blast furnaces 
and in distillation for coalite, the tars aro fairly fluid, contain little 
naphthalene and anthracone, and practically no freo carbon. In the 
modern vertical retorts tho heat ponetrates more slowly into the 
charge, and the distillation process is more or less intermediate 
between the above extremes, so that the tare are fairly jjuid and do 
not contain so much of tho objoctionable naphthalene and free carbon. 

For burning, tar is employed in the crude state, or, in some cases, 
after the lighter portions (benzene, etc.) h^ve been removed by. 
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distillation. There are certain essential differences between coal tar 
and petroleum and shale oils. In the first place, a much higher 
proportion of oxygen-containing compounds, mainly constituting 
the tar acids, carbolic acid, crlsylic acid, etc., are present. The 
effect of their presence is twofold^ they detract seriously from its 
calorific valuo and produce exceedingly pungent fumes during com¬ 
bustion, which may be troublesomo in a badly ventilated stoke¬ 
hold. The ultimate composition of crude tar is approximately— 


Carbon.775 

Hydrogen. 63 

Sulphur.1-0 

Nitrogen.06 

Oxygon.14-6 


In the second place, many tars contain a high proportion of froe 
carbon, which may provo troublesome in practice. According to 
K. F. Hooper (Jour. Oat Llg. 1911, 113, 100), tho following 
quantities aro present:— 

Free carbon 


Kind of tar. |w»r cent. 

Coalite.0-15 

Vertical retort.2-50 

Dessau retort.4 00 

Inclined retort.1G-5 

Horizontal retort (moan).19 0 


Tho amount of water in tar is important, for if separated into 
fair-sized globules it may load to trouble with the burners. It is 
seldom as low as 1 por cont., and is frequently as high as 5 or 6 
per cent. The moro fluid the tar tho better will the ammoniacal 
liquor produced simultaneously separate. 

Tar oils for use in DiosoJ enginos should not contain moro than 
a traoo of material insoluble in xylol, and 60 to 60 per cent, should 
distil below a temperature of 300’ C. 

Physical Properties of Tar.—The flash-point of crude tar is, 
aooording to Allner, for horizontal retorts from 160’-190’ F., and 
for vertical retorts from 100 -115’ F. Tho viscosity is very much 
lower for vertical retort tar, so that it is more easy to deal with 
•"it bsth when burning or in internal combustion enginer of tho 
Diesel type. Tho calorific value of coal tar is about 8,800 calories 
(15,840 B.Th.U.). The coefficient of expansion per 'degree Fahrenheit 


of different tare is— 

Water gas.0’00036 

Coal gas, average. 0-00031 

Coke oven, average . .. 0 00032 
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The commercial distillation of tar (for the production of its 
valuable by-producfs need be dealt with only briefly, since it has 
no further boaring upon the production of fuel than for tho reoovery 
of benzene. Aftor separation of the ammoniacal liquor floating on 
tlfo surface, the tar is distilled from iron retorts, usually in complete 
charges, although continuous systems aip sometimes employed. The 
following scheme represents generally tho fractions obtained, and 
the range of tomperaturo over which they are collected:— 

Crudo Ut 


Light oils Carbolic oil Creosote oil Anthracene oil Pitch 
(up to 170 1 C.) (170°-225°) (225°-270°) (27CT-320 0 ) 

Tho goneral character and composition of various tars are given 
in Table XXV. (page 119). In some casos different distillation tem¬ 
peratures were taken, in which case tho range is included in brackots. 


Composition, Flash-point, and Calorific Value of Crude 
Oils and Heavy Fuel Oils 

Information relating to these important properties is summarised 
in Tabios XXVI., XXVII., XXVIII., and XXIX. 

TABLE XXVI. 


Composition ind t.'Ai.oium: Vju.ce or Crude Oils 
(W. Inchloy. The Emjineer, 1909) 


Source 

Specific i 

gravity. | 


Compo* 

ition. 


Calorific value. 



Carbon , 

Hydrogen. 

Oxygen j 

Sulphur. 

Calorics. 

B.TIi.U. 

Amoriciui . 


86-89 ! 

13-11 



10,912 

19,650 

Russian . 

0-871 

86-90 

1310 


— 

10,833 

19,600 

Caucasian 

_ 1 

84-90 

11-63 

1-46 

— . 

10,328 

18,600 

Canadian . 

0‘859 

86-92 

12-87 

1 

0-35 

10,797 

19,420 

Toxaa . . 

0947 

86-62 

11-80 


0 63 

10,617 

18,946 

J ava . . 

0-867 

87 10 

: 12-7 

— 

— 

10.654 , 

19,180 


TABLE XXVIt. 

Elish-poiht, Calorific Value, etc., or Abukntini Pktbolecms 
(W. Mocklenburg). 


Source. | specific gravity. 

Flaah-polnt,°F. 

Sulphur. 

Calorie*. 

B Tb.tJ. 

Yacuiva .... 

0-898 

158 

0-07 

10,860 

19,550 

Salta (Tartagal) 

0-909 

185 

— 

10,715 

19,800 

„ (ArguaraV 

0-927 

194 

0-16 

10,625 

18,960 

Neuqu6n . . . 

0-915 

802 

0-85 

10,510 

18,920 

Comodoro Rivadavia 

1,0-957 

176 

— 

10,520 

•48,940 
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TABLE XXVIII. 

Specific Ghavitv, Calorific Vun (Bomb Oulorimetpr), ktc . or 
llriw Ei'ei. On k (llmmc). 


Source of nil 

specific 

gravity 

ra.li- 

point,‘•f 

Sulphur 
j* r rent 

Calorific value 

1 





< alnrlpN. 

n.Tii v 

Russia-Ostatki (i) . . 

0 011 

_ 

Oil) 

10,000 

19.7SO 

„ (2) . . 
Texas (1). 

0 0*20 


o 35 

10.5SO 

19,010 

0 028 

; ms 

1-40 

10,78) 

19,350 

.. (21. 

0*027 

! — 

071 

If),730 

19,310 

.. m . 

0934 

I S.'iO 

— 

10,1X10 

19,080 

Burma (l) . . . . . 

0 924 

1 2h0 

O'20 

10,520 

18,950 

,. (X). 

0 900 

1 

O 14 

10,010 

19,100 

,, crude oil 

0 873 

120 

O 10 

10.050 

19,100 

Borneo. 

0 01 .*» 

! 

0 .V2 

10.78f) 

19,400 

Argoutine. 

0912 

| 220 


10,080 

19,220 

Shale oil (1) . . . . 

o-sso 

1 :no 

O 30 

10.570 

19,030 

(X) .... 

0 S03 

' 

-- 

11,150 

20,070 

Low temperaturo heavy 

0 008 

l‘» 

0 SI 

9,050 

10.300 

coal-tui 

Ditto, after soda washing 

0 '.IS'.) 

' ISO 

0 1)0 

9,720 

17,490 


TABLE XXIX. 

Composition and Calorific Vai.ci: of Masut (Ohtatki) from Galician 
I'Kruoi.KCMS. (Wiclc/.vuski, Vetrokum, 190*, 3, !a 17 ) 

Calculated from Mcndelt-eflV formula : 81C U liOOl [ - 20(0 - S) Calorie*. 


Source. 

1 

8|>. ,r | 

uliC j 


Tump tiitiou 


Oalurlfli 

- tain* 

< ar»«>u. j 

Hyliog.n 1 
1 

Oxyg'-u. 

< alnrlcs. 

IUIiO. 

Uryoz (1) . 

[ 0 933 

85 53 

12 90 

1-56 i 

10,675: 

19,2(H) 

.. (2) ■ 

0940 

8G-75 

12 09 

110 ! 

10,025 

19,150 

Boryslau . 

0 925 

85-23 

13-27 

150 

10,845 

19,500 


_ 

87 02 

12 98 


10,940 

19,080 

Harklowa . 

— 

86-56 

12-54 

0-90 

10,750 

19,350 


According to Heck, the average composition of Oslatki or Masut 
of sp. gr! 0-91 is: carbon, 87-5 per cent.; hydrogen, 110 per cent.; 
oxygen, 1-5 per copt. r and its calorific valuo 10,700 calories (19,200 
B.Th.U.). The coefficient of expansion per degree Centigrade is 
given as 0 00091 (or 0 0005 per C F.), which is somewhat ijjgher than 
usual for heavy fuel oil. 

It is important to note that the calorific valns of a hydrocarbon 
ml is lowered by 1314 B.Th.U. per lb. of oil {or every per cent, of 
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water, in addition t to the lowering duj to less combustible matter. 
The calorific valuo of a wet oil will therefore be found from 
Cal. value dry oil x (100 - HX) %) 

1QQ | " — tiJia X 


Gas Tars.—The following calorific values are stated to be the 
averago for dry tar by the authorities named: 9,000 cals. (16,200 
B.Th.U.), Godinot; 8,800 cals, gross (15,840 B.Th.U.) and 8,530 
oals.not(15,400B.Th.U.),Mahler; 8,5t0cals. gross(15,350 B.Th.U.), 
EuchOno. The German Gas Association takes a value of 8,800 cals. 
(15,840 B.Th.U.), 

The following particulars of the physical properties of coal tars 
are due to Allner:— 


Flash-point. Horizontal retorts. I GO"’ F. to 190 F. 

Vortical retorts. lOO-’F. to 115 ’’ F, 


Viscosity. 

Englor's degroos 

seconds for tar 
— seconds for water at 20 C. 


Temperature. 


English horizontal. 

English vertical. 

20° C. ( m° F.) 


CO 

114*4 

00 

550 0 

(1) (2) 
75*9 39*3 

(3) 

7-8 

«ro. (122° f.) 


100 

510 

4*5 3*9 

2-5 

70" C. (157° F.) 


7*2 

28 0 

2*2 2*2 

1-8 

Calorific value. Cals. 

8,770 

— 

8,990 

9,180 


B.Th.U. 

15,780 

— 

16,175 — 

16,530 


From a number of determinations of the calorific value of hori¬ 
zontal and vertical retort tars it would appear that the latter, besides 
being loss viscous and containing less wator and free carbon, have 
the higher calorific value, the mean figures for the dry tars being: 
horizontal, 9,115 cals. (16,430 B.Th.U.); vortical, 9,300 cals. 
(16,740 B.Th.U.). 



Chapter VIII 

SYSTEMS OF BURNING OIL FUEL 

General Arrangement of Oil Supply to Burners. —The oil should 
ho almost freo from suspended water and solids, htifc most installa¬ 
tions provide for the contingency of this not being wholly tho caso. 
When the oil is supplied by gravity from tanks it is usual to omploy 
a pair of supply tanks into which the oil is pumped ; here it is heated 
by a steam coil to promote the separation of water aud increaso tho 
fluidity of tho oil. 

At ordinary temperatures the separation of finely dividod water 
is very sluggish, since the difference of gravity is hut slight, and with 
the high viscosity of tho oil these globules remain suspended almost 
indefinitely. On heating tho oil two distinct changes occur—first, 
its viscosity is reduced very rapidly, and secondly, tho oil expands 
at a greater rate than water, so that the difference in specific gravity 
is considerably increased. The relative coefficients of expansion of 
heavy oils and water are approximately per degree Centigrade 0 00070 
and 0-000476; or por degree Fahrenhoit 0 00039 and 00002G4. 

For the supply of oil to the atomisers in tho steam or air systems 
it is only necessary to have a feed tank or tanks at a sufficient height 
to give the necessary flow, and a pump for lifting the oil. Tho general 
arrangement in tho Holden system is illustrated in Fig. 6. In tho 
pressure jet systems provision is made for warming and filtering the 
oil on the suction pipe: the oil then passes to the pumps, and is 
forced into a second heater with a suitable air chamber, and then 
led off to the burners. To provide for tho proper regulation of the 
oil pressure a loaded valve on a connection between the pressure 
side and the suction side of tho pump is fitted, and lifts when the 
maximum is reached. For the oil to attain tho necessary wcaking 
temperature it is circulated through suitable heaters by piping leading 
from the oil supply pipe to the burners (which are shut off) baok to 
the suction side of the pump. 

The general arrangement in the different systems is very similar, 
and is illustrated in Fig. 7 for Korting plant,, and in Mg. 8 the 
Kermode apparatus as applied to marine boilers is shown. 

- * 123 * 
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It is important to note that condoned water from these heating 
coils must not he allowed to return intp the boiler feed until it has 
passed through a suitable separating tank, owing to the risk of oil 
being carried into a boiler shouldia leak occur in the heater. 



The temperature to which tho oil may be heated safely before 
delivery to the burners is limited obviously to some degrees below 
the flash-point, and.it is very essential to the attainment of smooth 
.working, with the least neoessity for alteration of the oil or atomising 


Fig. 6.— General arrangement of oil fuel system (Holden). 
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agent valves, that the temperature shall be fairly uniform and the 
pressure of the oil supply* constant. To this,end thermometers 
should bo placed in the supply pipe. 

Experiments were carried out by the Wallsend Slipway Co., of 
Newcastle-on-Tyne (En<j- 190S, 85*, 805), on mixtures of oil with 



b 

Fio. 7. —Kurting pressure system. 


A A, Oil settling tanks. K, Duplicate discharge strainers, 

o. Oil supply pipe. Pipes to turners. 

O O, Drip trays. t, Byc-pass valve. 

B, Duplicate suction strainers. t. Thermometer. 

0, Oil pump with air pressure vessel. d, Steam supply to pump aud V* tc., 
D, Oil heater. 

water to ascertain the temperature requisite for proper separation. 
At 90° F. separation would not take place with a mature of 60 
gallons of oil with 20 gallons of water; at 150' F. only 75 per ceDt. 
of the water settled out; separation was perfect’in 4 hours at 180'F. 
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The tank should be provided with a g<y>d air vent pipe leading to 
the open. f 

Vaporizing and Spraying the Oil.—ifor tho perfect combustion 
of the oil it is essential that as porfect a mixture as possible with air 
shall be attained. In theoretical* grounds this is accomplished most 



easily with the oil vapour, but it is not practicable to vaporize 
properly the heavier fuel oils, since the temperature requisite leads 
to cracking 1 of the oil and the formation of carbonaceous deposits 
in the vaporizer and burning of the metal. The system however is 
applicable with low boiling oils, such as kerosene and intermediate oils, 


Fig. 8.—Kermode pressure system. 
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and little troilble is experieimed if the vaporization takes plaoe in 
presence of a good volume of air. 

With the heavier oils such as are generally employed, conversion 
into as fine a mist of oil globulos as possible onables proper admixture 
of air to be attained, and various fprrns of sprayors or atomisers, 
working with either steam or air undor pressure, or the forcing of 
the heated oil under pressure through suitable orifices, are employed 
universally. All the well-known types of atomisers may be relied 
on to give the necessary disintegration, and as far as this effect is 
concerned there is but little to choose botwoon the steam, air or 
pressure systems. It is upon other considerations, dealt with later, 
that the selection of the particular system mainly depends. Whilst 
an efficient atomiser is essential, attention to the details of the instal¬ 
lation as a wholo, and more particularly furnace construction, is the 
most important factor for good results. 

The number of atomisers of the three main typos which have 
been designed is legion, and only typical examples of atomisers of 
established efficiency on the three systems are described below, but 
here it may be mentioned that with any pattern it is essential that 
the burner should not get heated unduly over any great part of its 
length. It is usual to arrange the atomisers on a swinging arm so 
that they may bo turned clear of the furnaco, the oil and steam or 
air supply being cut off at the same time. This enables inspection 
and cleaning of the burners to bo made, or, where solid fuel is some¬ 
times employed as an alternative, the burners to be turned out of 
the way without the necessity of dismantling. 

Steam Atomisers 

The fact that a convenient working fluid under steady pressure is 
at hand for atomisation of the oil in boiler practice with this fuel 
accounts for its extensive employment and the large number of 
successful steam atomisers which are in uso. Broadly, these may 
be divided into two groups—those in which the oil and steam escape 
through concentric circular orifices, and those in which straight slots 
are employed. In many of the former elaborate arrangements are 
made for further heating the oil in tho burner by suitable jacketing. 
It does not appear that any great advantage arises from this; indeed, 
some of the simplest burners give the best results in practice, gnij, 
complication of design is to be avoided. According to H. B. 
MacFarlane, with the "Santa F6 Booth burner irregularity in com¬ 
bustion was noted at 140° F. and higher, and that the greatest 
uniformity was attained with oil between 90° and 95° I 1 . << 

The steam for atomising should be dry and is preferably super¬ 
heated, and’shonld be at as high a pressure as posable. 
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The Holden Injectors.— The successful applicatiorf of liquid fuel 
to many purpose^ in this country, njore especially in locomotive 
practice, owes much to the inventive genius of Mr. Holden, when in 
charge of tho Great Eastern Eailway Company's engines. The 
general principle of all burnem of this design is that of injection 
through concentric orificos, and a supplementary oil feed, for use 
when extra fuel has to bo employed, is arranged, so that the main 
oil valve requires little or no alteration. For the diagrams of the 
most recent modification, suitable for general steam-raising and 
heating, the author is indebted to Messrs. Taito and Carlton, Queen 
Victoria Streot. 

The oil is fed by gravity into the outer annular ring of tho burner, 
tho atomising steam being led in immediately inside this. Owing to 



Fra. 9.—Holden atomiser. 


the injector action of the whole burner air is drawn in through the 
central tube. Oil spray, steam, and air become thoroughly mixed 
in the larger chamber at the fore-end of the atomiser, and the mixture 
is forced out at high velocity through orifices bored at different angles 
through the {rout plate. These angles aro so arranged that the 
different jots impinge on each other, and a secondary supply of 
steam is led through a branch pipe on tho under Side of the burner, 
escaping from two small orifices in such a direction that it assists the 
thorough mingling of the oil and air escaping from the other jets. 
lUwill be seen that most complole admixture is possible with this 
arrangement. 

The Field-Kirby Atomiser is of the type where jacketing of the 
fuel and induced air by the atomising steam is employed. The burner 
was designed more particularly with a view to the utilization of heavy 
tars, and has provid very successful even when several pqr cents, of 
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water are still retained. The'results of some trials with this atomiser 
when using tar are given latef (p. 178). 

The tar is led in through A (Fig. 10) to tho contral chamber, down 
which passes the spindle B, which has a hollow end perforated by a 
series of holes arranged spirally. By tho withdrawal of tho spindle 
any nurnbor of these orifices may bo uncovered, so regulating the 



passage of tho fuel. Tho steam enters through C and passos into 
two circular chambers E and F, so that tho air indncod through 0 is 
jackotod on both siiies and the fuel on tin; outside. Tho steam issues 
at the two circular orifieos and effectively sprays the fuel, at tho samo 
time mixing it with tho induced air, which issuos botwoen the two 
annular steam orifieos. 

“ W. N. Best ” Atomiser.—This is of tho slot variety, and is note¬ 
worthy becauso the steam is delivered from tho upper slot downwards 



Fio. 11.—Steam atomisers—tV. N. Best. 

on to a horizontal surface of oil, an arrangement claimed tS prevent 
any carbonaceous deposit occurring. This pattern is selected for 
Ulustratiori*(Figs. 11 and 12) because of the highly favourable opinion 

* K‘ - 
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expressed on its performance by the United States Naval “ Liquid 
Fuel” Board, who tarried out a most exhaustive series of trials with 
many forms of atomisers. 

It will bo noted that the oil orifice is curved on the two long sides. 
Arrangements are mado for quickly unshipping tho nose-piece of the 
" steam jot should an obstruction occur, and by closing tho oil supply 
valvo and opening the steam valvo botwoen the steam and oil pipes, 
tho steam may ho blown through the oil tube to cloar any obstruction. 

The Booth (Santa V6 Railway) Atomiser.—This again is of the 
simple slot pattorn, arrangod as is general in such burners, with the 
oil supply above the steam orifico. The success of this atomiser is 
substantiated by tho number of locomotives running on oil fuol on 
this railway; Mr. II. B. MacFarlano (Cassier's 11 Railway Number,” 
Maroh, 1910, p. CIO) gives this as 685, and mentions that great 
advantages arise from the fixing of tho burners at the forward end of 
tho firebox, leading to tho abolition of tho usual brick arch neces¬ 
sitated when the common arrangement of fitting the burner at the 
firedoor is adopted. This arch is costly in bricks and expensive to 
maintain. 

This atomisor is illustrated in Fig. 13. Tho sizes of tho respective 
orifiebs are: oil,2-j inches by T 7 S inch; stoam,2] inches by 3 ' 5 inch. 



Fig. 13. -Santa Ff atomiser. 

Steam Consumption for Atomising—Owing to the great variety of 
steam atomisors which havo met with success in practice, the steam 
consumption for atomising purposes, of which there are records, 
shows a wido divergence. It is indeed difficult to estimate the 
amount in ordinary praotice where all the steam is from one boiler, 
and the most reliable figures are without doubt thoso of the United 
States Eoport on Liquid Fuol for Naval Purposos, 1902. In these 
extensive and valuable tests a separate boiler was Installed for supply¬ 
ing tho atomising steam, and on an average 0 6 lb. at 271 lbs. pres- 
■eaxe was required per lb. of oil. Allowing an evaporation of 14 lbs. 
of water per lb. of oil, this is equivalent to 4 4 per cent, of the total 
steam generated. According to Bohlor 0 85 lb. and to Gtebol 
0-80 lb. are required per lb. of oil. Much smaller quantities have 
been statdi to have been utilized in some trials, but it is unlikely that 
over an extended period much less than 4 per cent, will be attained. 

For heavy tar oils a greater quantity is required; much will 
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depend on the viscosity ot the tar, and the temperature at whioh it 
comes in contact with the steam. Echinard, as the mult of a large 
experience with French tars, givus the consumption as 15 lbs. per 
lb. of tar, but this probably refers to practice with the thick carbon¬ 
laden tars produced in high temperature distillation of the coal in 
thin layers. Thero sooms to ho no adoquate reason for suspecting 
that the more fluid tars from modorn bulk distillation would roquiro 
appreciably more steam than a heavy oil residuum. 

i 

Air Atomisers 

The Carbogen.—This simplo form of atomisor, the invention of 
Mr. S. F. Stackard, has met with wido succoss in practice lioth for 
steam-raising and for general industrial purposes, notably for glass 



Pro. 14.—The Carbogen atomisor. 


furnaces, where it is imperative that a flame of high intensity which 
will not deposit free carbon shall be employed. Many of these 
furnaces have been running continuously for months on oil fuel with 
these burners, and the combustion is absolutely smokeloss ; indeed, 
in some annealing furnaces no smoke stack or outlet, other thau 
from the ordinary openings to the furnace, is provided. 

The illustration, Fig. 14, shows clearly the essential feature of the 
Carbogen burner. It will be noted that two air streams impinge 
on the oil; these are both supplied from the same air pipe whioh 
is branched a little distance from the burner. The interior supply 
has doubtless much to do with tho excellent combustion obtained. 

An inner stream of oxygen has been employed when specially 
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high intensity was required. Two standard sizes are made, one 
passing from 05 to*3 gallons per linin'; the other from 2 to 20 gallons. 

Mr. Stackard iuforined the author that 8 cubic feet of free air per 
minuto aro required at IS lbs. pressure to spray 1 gallon of oil in the 
* glass furnacos. This is approximately equivalent to just over 4 lbs. 
air por lb. of oil (or 52 cubic feet). Ju tho American Trials (1902 
Report) with tho Oil City Boiler Works atomiser, 50 cubic feet wore ■ 

required. 

Kermode Air Atomiser.—In the burner illustrated in Pig. 15, either 
air or steam may bo used as the atomising agent. When air is 
employod it is highly heatod by passing through pipos in tho furnace, 
or uptake in tho case of marine boilers, and is stated to vaporizo the 
oil complotoly in the contral chamber of tho burner. 



The oil enters at A, and tho flow is regulated by the spindle D, 
which oporatos tho coned valve P. Tho air supply is divided between 
tho two channels C and B, and the amount passing respectively into 
the inner spaoo, to commingle with the oil, and into the outer spaco 
is regulated by tho rack lin'd pinion movements L and M. In the 
inner soetion a spiral blado K is fixed, which servos to mix up effi¬ 
ciently the air and oil as the lattor vaporizes more or loss, and 
another shorter helix is provided in tho outer air channol to impart 
a rotary motion to this supply. The air is supplied at from 0 5 to 
. 4 lbs. pressure. 

Air required for Atomieing.— In the United States trials (1902 
'•P.oport) the avorago amount of air for 1 lb. of oil on 9 complete testa 
was 50 cubic feet, entailing an averago consumption of steam 
(indirectly) of 0-4 lb., or 3-2 per cent, of the totil steam generated. 
Analysis of the flue gases shows that very considerable excess of air 
was present, and tho above amount is unnecessarily high. Other, 
American tests on, air sprayers showed that approximately 1 oubio 
foot of air was required per ib. of stoarn raisod. Assuming an 
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evaporation of 13 lb. of watch per lb. of oil, then 13 cubic foet of air, 
or 1 lb., aro required per lb. df oil. 

The pressure required for air atomisers varies greatly with tbo 
pattern. Kcrinodo states that it need never oxcood 3 lbs. with his 
burners, and in a successful Russian installation (ho pressure is 
only jijths of an inch with the oil at 70’ F. At low pressure air is 
very economical, hut as the steam consumption in compressors goes 
up rapidly as higher compressions arc made, and the atomising 
power of tho air does not riso in anything like tho same proportion, 
it will bo soon that an atomiser requiring air at low pressure odors 
considerable advantage. With a good air atomiser tho steam con¬ 
sumption should not exceed I H to 'J per. cent, of the total gonoratod. 

l’liKssunn Atomisrhs 

Tho action of these atomisers is based upon cither a jet of fluid 
oil at high velocity impinging upon a fixed knife-edge, which causes 
it to break up into spray, or imparting a sufficiently powerful centri¬ 
fugal action to cause disintegration. Tho Swcnsson atomiser is on 
tho former plan, and tho better-known Kdrting, Kormodo, and Whito 
atomisers on tho latter. 


Oil In', t 



Kbrting Atomiser. —In this atomiser, which has been very 
successful in marine and othor installations, the oil is forced through 
a channel in which a spindle having a deep thread cut out on the 
outsido works, the coned part of tho spindlo opening or closing tho 
small orifico through which tho oil escapes from the nozzle. Tho hot 
oil, under pressure of at least 30 lbs., thus has a sufficiently rapid 
rotary motion imparted to it to break up into a fine spray. * 

The Korting atomiser is illustrated in Fig, IG, through tho courteBy 
of the EdiJbr of Engineering. Surrounding tbo atomiser chamber is 
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an arrangement (or the final filtration'of the oil, which effectively 
prevonts any clogging of tho spraying.djvice. 

Kermode Pressure Atomiser.— This is certainly one of the most 
efficient atomisers of tho pressure typo, and is illustrated in Kgs. 

"17 and 18. ' _ 

Tho oil entors the burner through the supply pipe A, and is 
forced through the annular space between the fixed inner part B and 
the outer walls D. At the nozzle end, B makes a perfect fit with the 
outor wall D and cut in tho metal of B are a number of grooves 
parallol to ;ho central axis of the burner; these grooves connect with 



similar ones cut in the end of B at right angles to tho axis of the 
burner, so that they come against the cap nut 13. Tlinso grooves are 
cut tangentially to tho cone end of tho spindle C.'as shown in Fig. 18, 
and this cone servos to enlarge or contract tho opening through the 
cap nut E, the movement of tho spindle being indicated on the 
graduated wheel F by its position in relation to tho fixed pointer G. 

Owing to the powerful rotary motion set up by these tangential 
grooves and tho oil striking the cone at the end of the spindle C, it 
is thrown out in a perfectly atomised form. 

^ The White Atomiser.— This pressure atomiser, made by Messrs. 
Samuel White & Co., of Cowes, tho licensees being the Baboock and 
Wilcox Boiler Co., is ono of tbs most recent pdotorns, and introduces 
novel features. In most pressure atomisers it is necessary to get 
the oil uptto the proper temperature for spraying before the atomisers 
ean be put into action. In the White burner (Kgs. 19 and 20) pro¬ 
vision is made for fighting up on cold oil, and by a simple movement 
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of the regulating valve spraying with hot oil may ho made whou the 
necessary temporature is attained. Tho cold spiaying is effected by 
forcing the oil under pressure through a narrow oritico against a 
metal disc on tho end of a spindle, tho spray issuing as a wide angle 
cone, and in a very finely divided condition, which would not bo 
possible with cold od by any other method than an interference one. 
For the hot spraying the spindle is drawn inwards, aud tho oil now 
issues with a powerful centrifugal motion through tho samo orifico and 
is effectively atomised, tho couo of spray in this caso boing more narrow 
and more concentrated. Adjustment of tho oil supply is affected by 
spiral passages a in the conod pieco C, which can ho regulated in 
area and in number by turning tho hand wheel A. Tho coned pieco 
Fra. 20. 



is kept in position by tho coiled spring. For altering tho position of 
the sprayer d in relation to tho small orifice, tho small whoel B is 
rotatod. Illustrations of tho burner in action under both conditions 
are given in Figs. 21 and 22. From tho clear appearance of the back¬ 
ground in the photographs, it will bo evident that in each case the 
atomisation is very perfect. 

Comparison of Systems of Atomising.—Each of tho foregoing 
systems offers certain advantages, but on tho whole the efficient 
atomising powers of the pressure burners, and tho general conven.onoo 
of the whole arrangement are in their favour, and certainly for Bteam- 
raising generally, but especially on board ship, this system offers so 
many advantages that it is superseding other systems.' It is no 
secret that this is the system entirely employed in the Royal Navy, 
after exhaustive trials of the three. 
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Steam atomisers hold the advantage that the atomising agent is 
always to hand in unlimited quantities apjl under good pressure when 
ono boiler at least is working, and further, tho space occupied if less 
than with tho oilier systoms. On tho other hand, in starting up 
stfiam must bo raisod in ono boiler of a set or in an auxiliary boiler 
with solid fuel. Further, all steam used jn atomising is lost, and has 



Fm. 21.—White atomiser spraying cold oif. 


to 1)0 replaced by feed water. This is of no momont in shoro work, 
dipt on ship, where tho supply has to be obtained by distillation, 
tho loss of 4 to 5 per cout. at least of the steam is too serious a 
question. ‘ • 

According to the United States Report, steam atomisers do not 
lend themselves so readily to forcing as air atomisers. 

Air atomisers a y ro advantageous, first, in that tho steam con¬ 
sumption for the compressor need bo about only one-half <51 that for 
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direct steam atomisation, and, secondly, tho wholo of this stoam may 
return to tho boiler through jlho condensing plant Air is tho natural 
agent for atomising, since in tho act of disintegrating tho oil it muBt 
become properly mingled with tho globules, ready to carry on tho 
combustion. Steam, on tho othoi baud, must displaco a corlain 
amount of air, and although there may bo chemical interaction 



Fig. 'll.— White atomiser spraying hot oil. 


between tho oil and steam which promotes tho final combustion 
with air, results do not show any gain in eificioncy. Any intoraetipn , 
between tho steam and oil must ho ondolhormic (absorb iicat), and 
this, together wiH- tile displacement of air by Bteam, will extend the 
zone of combustion further into the furnace. 

The spaco occupied by suitable compressors, ospeeialty those of 
the rotary type, is not great, and in starting up a small internal 
combustion engiuo can bo usefully employed. 
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For metallurgical work, glass furrfaces and other industrial 
operations, air atomsation is the most applicable system. 

With tho pressure jet system very perfoct atomisation may be 
effected, and no difficulty is experienced in getting perfect air 
admixture. Oil pumps have to be installed with either system, and 
as they are usually in duplicate, one pump can be set asido con- 
voniontly for getting the oil under proper pressure. It is more 
particularly in competition with steam atomisation in boiler practice, 
and hero there is no question as to tho great superiority of the 
pressure system. 

Willi both air and pressure systems, starting can be arrangod 
for hand, motor, or internal combustion drivon pumps or compressors. 

According to Kermode, tho relativo efficiency of tho throe systems 
is: steam, 68 to 75 per cent.; air, 78 to 83 per cont.; pressure, 70 to 
75 per cent. 

Combustion of Oil Fuel.--Special consideration has to bo given to 
the furnace arrangements for the combustion of oil fuel for stoam- 
raising. Little difficulty is experienced in obtaining perfect combustion 
and high efficiency where the duty of tho boiler is low, but it is 
otherwise whon a high duty is demanded and a large quantity of oil 
has to bo consumod. It is for this reason that tho solution of the 
problem of tho sinokoloss combustion of oil fuel was established at 
a much earlier date in tho morcantilo marine and in shore practice 
than under tho conditions existing in a warship. 

Tho conditions for perfoct combustion diffor radically from those 
existing in tho case of solid fuol. As Lewes has pointed out, when 
an average coal is burnt beneath a boiler, by destructive distillation, 
some 11,000 to 12,000 cubio feet of gas, as measured at ordinary 
tomporaturos, and about 10 gallons of tar in tho form of vapour are 
ovolved per ton, whilst 75 por cent, of the coal is burnt as solid fuol 
on tho grato, nnd the relationship botweon boating surface and grate 
area is of importance. 

On tho othor hand, if oil is largely gasified prior to active com¬ 
bustion, as it must bo in practico, every ton yiolds some 20,000 
cubio feet of gas at ordinary temperature, and there is in addition 
some considerable volumo of vaporized oil-gas tar. Tho whole of 
tho oil is in fact burnt as gas or heavy vapour, and considerations 
oLgrate area are quite irrelevant; the essential factor is cubic feet 
of combustion space. Unfortunately, in tho majority of reports on 
oil fuol installations, the useless factor " grate aria ” is given, and 
the useful factor of cubio feet of combustion space in relation to oil 
consumod % omitted. 

Not only is tho i question of generous provision of combustion 
space indicated by tho above considerations, but also by reason of 
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the greater amount of ail theoretically demanded per lb. of oil 
fuel as compared with coa* Taking average compositions for the 
two classes of fuel, the following comparison between the theoretical 
air supply is possible:— 



UMciiiofmi j 

Volume of air In ruble feel 


jwr lb. I 

at o° C. 

at M° F. 

Coal. 

. . . . 115 ; 

1411 

147 

Oil. 

....j HO | 

172 

181 


In the scrios of American trials, in endurance tests of 110 hours’ 
duration and a combustion spaco of I'll cubic feet., tho following 
relative results for coal and oil (air atomised) were obtained:— 



Natural draught 


Forced draught. 


1 1 tm per j 

j Kvaporalii.n from ! 

Frewure 

1.1#. per 

Kvaporation from 


nib ft 

■ini at 2 \'fi F. 

inches. 

rub a 

and at 212 ° K. 



Il>a 



lb*. 

Coal . . . 

. . H’3 

10,000 11,000 ! 

3*00 

no 

30,150 

Oil . . . 

7 6 

is.ooo - ir>,ooo 

3 75 

27 

35,500 


The guiding principles for tho ensuring of comploto combustion 
and absence of smoko lmvo been laid down already, nauioly, sufficient 
air, proper admixture and maintenance of temperature. 

The air supply in tho case of oil fuel may he divided into primary 
air, tho injection air whoro this system is used, or air drawn in 
by tho injector action of tho atomiser, and tecnmlary air, or air 
supplied to complete tho combustion partially carried out by tho 
primary air or of any oil spray or vapour uot yet attacked. For 
smokeless combustion not only must tho air supply ho efficient, but 
it must lie minglod as intimately as possible with tho escaping spray, 
and there must bo no local cooling. Primary air does not noed 
heating, as combustion in the region of its action will always lie 
sufficiently vigorous to maintain a high temperature, but when 
special provision is made for secondary air to be introduced, such 
air is best supplied at as high a temperature as possible. There.-is- 
no tendency for siqoke production during tho first 18 inches or 2 
feet of the flame; smoke is produced by tho loss rapidly moving 
portions constituting the further end of the flame. Hero it is that 
the proper admixture of hot secondary air is best arranged for. 
Attention may be again directed to the case e. the oil lamp flams 
with and without the chimney (p. 73). 
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The United States Navy Fuel Board'laid down the following as 
the essential conditions for tho production of a short hot flame: the 
fuel should bo a pure carbon-hydrogen oil, there should bo initial 
boating of tho air, inthnato diffusion of tho fuel and air, and a large 
surface of fuol exposod to tho impact of tho air. 

Suitablo arrangomont of firebrick plays an important part in the 
successful combustion of oil fuol in most installations. In some 
pattern wator-tube boilers, whoro there is ample space between the 
banks of tubes on either sido, or whoro tho lower rows aro situated 
fairly high above the combustion space, tho burners may play 
dirootly into tho Epace. Whoro, howover, there is any tisk of flamo 
impinging dirootly on the tubos, those should bo protected by firo- 
brick ; tho bottom and sides will bo nocossarily of firebrick. Suitablo 
firebrick arches and b.i files, however, aro in many cases essential to 
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success, for they may perform several important functions; heavier 
particles of oil falling on them aro vaporized; they form efficient 
radiating surfaces (the inefficiency of flames in this respect lias boon 
pointod out already); lastly, properly arranged bailies provent long 
tailing flames whoro combustion is often incomplete, and smoko 
forms by reason of tho difficulty of mixing tho air proporly without 
some such arrangement. Those baffles serve tho purposo of admix¬ 
ture, and they maintain tho high temperature at just tho point in 
tho system whoro checked combustion, with smoke formation, would 
otherwise probably result. Further, thoy may 1* »„sily constructed 
to enable the highly heated secondary air to be introduced effectively 
just where .'lost required. 

One or two examples of furnace arrangements will now be given 
to illustrate the application of these principles in practice. In. Fig. 23, 
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the firebrick baffles, etc., in the Holden system applied to a Lanca¬ 
shire boiler are shown. This is an excellent arrangement; it will 
be seen that the hot gases and air at the outer end of tho flame first 
strike a chequer work of firebrick extending halfway up tho furnace ; 
they aro further thoroughly mixed by the two suectH ding kittles, which 
extend completely through the combustion space. A short 11 grate " of 
firebrick extends immediately beneath tho humors and serves for light¬ 
ing up, and when fairly running would vaporize any heavier oil particles 
which might settle, although this is not a likely occurrence with such 
efficient atomisers. During tho coal strike of 1912, hoders woro 
fitted hurriedly on this plan with Holden injectors, and worked with 
most successful and economic rosults on gas tar, whicli had boon 
prepared for road spraying. 

In Fig. 21, the furnace arrangements with the W. N. Bust burner 



Fid. 2t.—Furnace arrangement it, W. T. boiler. 


in the Unitod States trials is illustrated. Firebrick air channols 
were provided beneath oach of tho burners and served for tho boating 
and propor introduction of the secondary air supply at the most 
suitable point. 

A hollow wall at the back of the combustion chambor built over 
somewliat towards the burner is also an effective way of providing 
highly heated secondary air in tho case of water-tnbe boilers. 

Liquid Fuel for other Purposes than Bteam-raising.—Liquid fuel 
has been employed most successfully for a largo number of industrial 
operations, amongst which may be mentioned molting motal fer 
casting, etc., in glazing kilns, muffles for enamel waro, rivet heating, 
glass melting an? annealing, carbonizing electric light filaments, etc. 
Not only has it been employed whore high temperatures aro desired, 
but, since the temperature attained is so well under control, it has 
been used successfully for the delicate operation A tea-drying and for 
drying bagasse preparatory to its use for animal foods. 
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The high intensity which is attainable, the ease of control of the 
temperature, the absence of ash and, with good oils, of more than 
traces of sulphur, render it particularly suitable for many metallurgical 
operations. Further, once the proper adjustment of air supply has 
bobn made, the naturo of the combustion is constant, there being no 
oponing and closing of fire-doors admitting varying quantities of air. 
In all such applications the conditions of use are far more favourable 
to easy combustion than in steam-raising, since the tomporatureof the 
furnace or material generally is not greatly removed from the flame 
tomporature. For good results firebrick should not be spared. There 
appoars good reason to beliove that hot surfaces of firebrick act 
catalytically in promoting combustion. Heavier oil particles are 
gasifiod readily, and the atomisation need not be nearly as perfect 
as for boiler work. A simple typo of burner in which a regular drip 
of oil is picked up by an air blast is frequently sufficient, and low air 
pressure is all that is required if a good typo of atomiser is employed. 

The air seldom requires pre-hoating for metallurgical furnaces. 
In many cases it is advisable to install a pre-combustion chamber as 
an extension of the furnace; into this the atomisor is directed, and 
oombustiOn partially oarriod out by the air used for injection. 
Secondary air should be supplied around the junction of the pre- 
combuBtion ohamber and the main furnace. 

Furnaces of the reverberatory typo may be arranged easily for 
oil-firing, and although tho systom is not bo generally advantageous 
for metallurgical purposes in comparison with producer gas with 
regeneration, tank furnaces of a similar type for glass molting have 
been in continuous successful operation for periods of ovor two years 
without tho burners being turnod off. The tomporature required is 
about 1500' C. (2730' F.), and the following comparisons of cost-and 
output obtainod 

Coke-firing. .Oil-firing. 

Glass output .... 86-5 cwts. 45S cwts. 

Total fuel costs . . . £13 4s. 0<l. £48 6s. Od. 

Fuel costs per cwt. . . 3s. Off. 2s. Iff. 

The output being so greatly increased, considerable economy in 
space is effectod, and more men can be employed working the glass 
at-each furnaoe. 

Metallurgical operations in which oil fuel is oynployod for melting 
purposes are conducted usually in tilting furnaces of the Bessemer 
type, in which the oil is sent directly into the furnace, or in crucible 
furnaces of a tilting pattern, the crucible being fixed in a fireclay 
lined furnace mounted on trunnions. This system has many advan¬ 
tages (equally true when gas-fired), in that lifting the pots, with 
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consequent liability to fracture and loss of metal, is avoided, larger 
pots and greater charges n»y be employed, ana consequently con¬ 
siderable saving on fuel costs is possible. The description of such 
furnaces is outside the scopo of tho present work, but the reader is 
referred to the excellent series of articles iu Eagineiring, 1910. 

Illustrations are given in Figs. 25 to 28 of forms of oil fuel instal¬ 
lations for industrial purposos which present novel features. Tho 
various heating furnacos, of which there are a largo number of 
patterns, by Messrs. John ilurdou & Sons, have an upper gasifying 



tube, into which tho sprayed oil is carried by the air blast. As will 
be seen in Fig. 25, the hot products of combustion escape upwards 
from the hoating chamber through suitable ports, which can be con¬ 
trolled by dampers. 

The oil is supplied from an overhead tank to a special atomiser 
injecting into tho air tube. The blast may bo supplied either by 
a blower, attachecF to the framework of the furnace, or from a con¬ 
venient blast main. The air supply can be regulated Jjy a slide 
valve. 

The oil is converted into oil gas of very high calorific value and 
mixes witJi the air blast, so that a powerful llaino may be obtained, and 
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control of the flamo to almost any character is possible by regulating 
the oil or air supply, or both. c* 

In the most recent pattorns a number of minor details have been 
aljored slightly; instead of the perforations shown through the 
crown bricks for heating the carburettor, the waste gases now pass 
through flues, and from tlioro into tho Upper chamber. The smaller 
pattern furnacos are mounted on a framework carried on wheels, 
the larger boing constructed on strong standards to any convenient 
height. 

A gonoral view of a Uurdon Portable rivet, small bar and plate 
furnneo is shown in Pig. 20. 



Fio. 20.—General slow of Burdon oil-fired furryroe. 

The form of burner, illustrated in Fig. 27 is one devised by the 
Brott Patont Lifter Co., of Coventry, for adaptation to any existing 
furnace. It will bo noted that tho oil jet, under low pressure, strikes 
against a revolving propoller D actuated by the sir blast, and thus 
becomes broken up. By means of a baffle plate in tho lower part of 
the vertical hollow eolumn support A, a portion of tho air is sent 
round tho space B surrounding tho pro-combustion chamber E, and 
in this way becomes highly heated bofore rejoining through the 
Jiipe C the othor portion at a littlfe distanoe below the slide valve 
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shown. The position of thS connecting pipes will bo followed from 
Fig. 28 (p. 110), which also yliows how the waste heat from a pair 



of boating furnaces fired by this system is employed for raising 
steam in a water-lube Ualer, an arrangement which frequently might 
bo applied with larger installations of tlih t)pu. 






Fio. 23 —Arrangement of heating furnaces with Brett sprayers, with Babcock boilers fired by waste heat. 






Chaptkr IX 

LIQUID FUEL FOR INTERNAL COMBUSTION ENGINES 

Internal combustion engines may, for a consideration of tlio various 
fuels, bo classified as high-speed engines, requiring an easily vaporized 
spirit or oil, and slow-speod ongines, in winch the oil is either 
vaporized by beat before ontoring or in tho cylinder, or injoctod as a 
Spray into tho cylinder after the temperature of the air has boon 
raised by compression, as in tho Diesel engine. In these tho tom- 
poraturo attained by this compression is sullicient to ignite tho oil; 
in tho more recent semi-Diesel type of engine, soino oil is vaporizod 
and ignited in a special extension of the cylinder and servos to ignite 
the main oil spray as it is pumped in. 

Tho suitability of tho various oils and distillates for the difforont 
types of engines is dependent largely on their vapour tension or 
pressure. For a high-speed engine (petrol motor) the fuol must huvo 
a high vapour pressure at ordinary temperatures, so that it may 
readily give an explosivo mixture with air in tho carburettor. When 
tho vapour pressure is low, then tho oil must bo more or leSB highly 
heated to give off sufficient vapour, and in general is injected into tho 
cylinder as the liquid and there vaporized by a more highly heated 
extension of tho cylinder, so that it may form a combustible mixture 
with air in tho eylindor. In engines of tho Diosol typo tho ignition 
point of tho oil is the controlling factor, and tho iulluenco of com¬ 
position on this will be referred to later. 

Tho following classification of such fuels is a convenient one :— 
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Peteol _ 

This important fuel is obtained by tlfe redistillation of the naphtha 
fractions from the distillation of crude potroleum oils, the treatment 
of which and the quantity of tjlio different fractions in various oils 
have been deal with already. A further small supply also is available 
from the naphthas of shalo distillation. Certain qualities of natural 
gas ulso furnish a small amount of petrol by compression in order 
to cause liquofaetiou. 

The amount of potrol which can bo produced is being overtaken 
rapidly by tho groatly increasing demand for it, and the motor 
industry is forced to consider the question of possible increase of 
supplies or the utilisation of other fuols which shall bo equally 
serviceable. Tho question of supplies, etc., is discussed lator (p. 179). 

Composition of Petrol.—Petrol, consisting as it does of tho more 
volatile portions of the naphthas obtainod from potroleum, is a 
mixture of a largo numbor of hydrocarbons of various serios; since 
tho spirits have boon treated with sulphuric acid for purifying pur¬ 
poses it is improbable that unsaturated hydrocarbons of the olefine 
and neotyleno sorios aro prosont to any extent. Probably, therefore, 
it consists mainly of tho lowor liquid members of tho paraffin sorios 
and of “ naphthenes,” together with small amounts of the bouzeno 
serios of hydrocarbons. 

Usually potrol distils completely botween CO’ to 150 C., and the 
normal hydrocarbons falling in this range may be— 


Paraffin Hi/rfroearbom. 



Formula. 

Bolling | Specific 
point Kfu'^yat 

°C , t»° c. 

.latentbrat 

• s r" C uf v.porl- 

k '“ t - | xttu*n. 

Pentane.. . C,H„ 

Hoxano.j C,ll u 

Heptane.' C.H 1# 

Octano.C,H„ 

Nonano. C p ll rt 

37 j 0 645 

CO j 0-676 

08 ! 0-700 
125 ! 0-710 
150 j 0-733 
i 

0-527 

0-507 

0-505 

0-503 

70-4 

740 

710 

“ Naphth ne" (Methylene) Hydrocarbons. 

j Formula. 

[killing 

Hnt 

p*fjr**i tSf* 

latent beat 
of vapori¬ 
sation. 

Methyl pontamothyleno . . 

Hexamethylene. 

Dimethvl^ventamethylene. . 

Methyl hexamethylenc . . . 
Dimothyl hexamethylone . . 
Trimethyl hexamethylene . . 

c.i „ 
O.H„ 

0,H„ 

C.H„ 

C,H„ 

71-5 

79 

90-92 

98 

118 

148 

6-7U5 

0-790 

0-778 

0-778 

0-781 

0-787 

0-506 

0-488 

0-480 

87 ' 

81 

76 

78 


T 
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It will be noted that the hydrocarbons of the methylene series 
are of higher gravity than t^oso of tho paraffiu series of about tho 
same boiling point, and that tho specific gravity in oach caao 
increases with riso of boiling point, whilst tho specific heat and latent 
heat decrease. 

Tho specific gravity alone of a petrel is therefore no true criterion 
as to its relative volatility, and a distillation test, by which tho 
volume of tho fractions obtained bctwoen certain fixed temperatures 
determined, forms at present tho most satisfactory basis for a fair 
comparison. Since the boiling point is dependent upon tho vapour 
pressure, the. higher the proportion of distillates obtained at a low 
temperature, the greater tho degree of volatility as a whole. 

The variation in percentage composition of the parallel hydro¬ 
carbons, which are the principal ones present in petrol, is small— 
ranging over only about 1 per cent, so that the average figures of 
84 per cent, carbon, 16 per cent, hydrogen may bo taken for potrol. 

When air is bubbled through petrol or passes at ordinary 
temperatures over a surfaco saturated with such a liquid of mixed 
composition, evaporation is selective, llie less volatile portions 
remaining behind, i>. the potrol becomes “stale." Air passed 
through petrol at atmospheric temperatures is stated to tako up 
practically only tho hydrocarbon hexane (C„II, 4 ). In the early days 
of tho petrol engine carhuration was accomplished usually by 
carburettors of the bubbling or surface-evaporation type, so that a 
much more restricted range of boiling for the petrol was essential, and 
its gravity was usually about 0-6H0. With tlio introduction of spray 
carburettors, in which the heavier less volatile portions of tho spray 
get carried forward as a mist into the hot inlet pipe adjacent to tho 
cylinder or to tho c)Under itself and there become vaporized, a 
much greater range is permissible; the gravity of suitable spirit is 
now frequently 0'760. This improvement is of great economic 
importance in rendering a far greater proportion of the credo oil 
available, and further improvements in carburettors will doubtless 
permit of some extension of tlio range of boiling in tho future. 

It is important to note that the relativo volumes of the fractions 
obtained from the same potrol vary considerably with the form of 
apparatus employed and tho rate of distillation. Tho influence of the 
form of apparatus, otc., has beon investigated by Garry and Watson 
(J.S.C.I. 1904, 704), in which paper numerous valuablo tables will be 
found. The results in Table XXX. may bo quoted to illustrate the 
importance of this point. 
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TABLE XXX. 

Influence of'Eorm of Apparatus iij Distiloation of Petrol. 
(Garry and Watson). 


Volume per cent, tor frsctlone tor each 10° C. 



Firnt drop 
! condensed I 

(to 70. j 

Into 1 
80. 

Lo to 

90. 

1 90 to 

10U. 

/ 100 

' to 

I:?' 

/ 120 

I to 

/ mo 

1 to 


At 


110. 

120. 

1.10. 

140. 

Plain flask, 3| inches from 










Hide tube to top of sphere 
Lo Hoi-1 lonn inker’s de- 

63’C. 

0-5 

3-5 

40 0 

32 0; 

too 

5-0 

l'O 

l'O 

phlogmator without ob- 










struction (3 bulbs) . . . 
Ditto, with bead in each 

58’C. 

2-0 

170 

2G-0 

30 0 

150 

4 0 

20 

20 

bulb. 

("Minsky dophlogmator (5 

58° C. 

04° C. 

2-5 

9-5 

37 0 

27 0 

15-0 

3 0 

30 

20 

bulbs). 

10 

12 0 

35 0 

28 0 

15 0 

4 0 

2-0 

20 


This is covtiiiniy tlio most important tost to which petrol can bo 
submitted, and takon in conjunction with tho specific gravity of tho 
fractions, it is usually all that is required for a comparison. In view 
of tho results of Garry and Watson it is evident that the form of 
apparatus to ho omployed and the method require careful standardiza¬ 
tion. The writer’s practice is outlined on p. .lit. 

In viow also of tho above results it is ovident that published 
figures for commercial petrols are of littlo value unless tho procoduro 
odoptod in making the tests is indicated, and this is most exceptional. 

Physical Properties of Petrol. —Reference has been made already 
to tho density or spocific gravity, which may lie between 0G80 and 
0 7C0, and tho lioiliug range. According to Cabot, petrol of 0f>98 
sp. gr. at 22-8° C. did not show signs of solidification when immersed 
in liquid air until a temperature of —122” C. was reached. 

Tho specific boat of the liquid and its latont heat of vaporization 
are of importance. Tho following figures (Table XXXI.) wore 
obtained for the spociiio heat between 10’ and 30’ C. by tho author:— 

TABLE XXXI. 


SrariFic Hr at or IVinor.. 



Specific 

gnylly. 

Specific 

Wat. 


Iflc 

gravity. 

Specific 

neat. 

American .... 

0-737 

0-4G5 

Sumatra . . . 

0 722 

0-514 

»s 8 0,. 

0-724 

0483 

Mexico .... 

0 725 

0-493 


0-712 

0-477 

Texas . 

0-744 

0-472 

Asiatio . f . . . 

0-707 

0-450 

ltoumania . . . 

0 740 

0-473 


0721 

0-4‘JO 

Burma .... 

0-766 

0-462 


‘0-713 

0512 

- * 

Borneo .... 

0 772 

0-453 
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Although not strictly proportional to tho density, for practical 
purposes the specific hont ipay be calculated from - —> K being 

approximately 0 350. 

Thoro aro considerable practical difficulties in iho determination 
of the latent heat of vaporization, and data are greatly wanting for 
petrols, ole. Tho figures given (p. 11 S') for tho paraffin and inclhyleno 
hydrocai bons aro those of Mtijbery and GnhUtcin {.liner. (View. Jour., 
1002, 28, G7). Graefo ( 1‘itroicum , 11(10, 5, .5(10) gives latent lieat of 
vaporization of crudo liglit petroleum oil as Stj calories, and this 
valuo appears approximately correct for petrols on tho basis of 
Maybery and Goldstein's figures. 

According to llolde the ilasli points (° C.) for different petrol 
distillates are:— 

Distilling between . 50-tt)'C W-7S’ TO SS'’ 80 100'' 80-115"’ 100 150° 

Flash point below , — 5S — tl'J —15' — gg’ — gg° +10” 

Calorific Value of Petrol —Tho yw** calorific valuos for a number 
of petrols havo been determined by 11. Itlount (hut. Automobile Kny*., 
March, 1009, pp. 1-0) by means of a bomb calorimeter. Tlio majority 
of those results arc given in Table XXXII. 


TAT’.TjE XXXII. 


Cross Caiuuimc Vai.ce or I’m hols. 
(It. Mount.) 


Tragic «!•»< rip!ion. 


Kpwiflc ' < per Mill l 1 . j It Til IJ. 
gravity. . k»l«. jhm lb. | per gallon. 


Anglo 0’7G0 .I 0 7H‘J 

Shell. 0 717 

Pratt's. ... 0717 

Cariciss Capel " Standard” . . . 0 700 

„ ,, “Movril” .... 0 71* 

Carbnrino .; 0 717 

Russian. 0 705 


11,102 

20,002 

11,252 

20,251 

11,22*.) 

20,212 

11 .W2 

2H,:U4 

11,200 

20,100 

11,1*7 

»»,i37 

11,232 

20,218 


148.480 
145,220 
114,020 
112,400 
144.700 
141,OHO 
142,530 


The net calorific values havo bocti determined by \V. Watson. 
(J. Soe. Art*, 1910, 58, 990) by carhuretting air with tho vapour 
and burning tho (fixture as a bunson flamo inside a Boys Gas Calori¬ 
meter. The method is equally applicable to tho determination of the 
gross values, for as will be seen in the description of tlfs typo of 
calorimeter, both tho gross and net values are 'btained. Watson'* 
resu’ts ale shown in Table XXXIII. 
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TABLE XXXIII. 

Nut Calorific Valok era r’rmoi.s. 


(IE Watmn) 


IVtrol. 

J V-netty. 

1 < alork* por 

1 Kram. 

i. 

H.Tli II. 

| per lb. j 

B.Th.U. 
prr gallon. 

Uowle\ 's Kpirijil. 

! OfiHl 

10,000 

19,100 

131,500 

(’■nrloiis. 

1 0701 

10,420 

18.7(H) 

132,300 

Express. 

i 0-707 

10,020 

18,040 

127,000 

Koss. 

1 0 711 

10.370 

18,070 

133,000 

Truth. 

1 0 710 

lo,3to 

18,010 

134,100 

(’arbiirin.i. 

| 0 7l'0 

10,380 

18,080 

135, (XX) 

Shell (onlltiftr)). 

1 0 721 

10,100 

18,720 

135,300 

]>y»ol. 

[ 0 7Ai 

10,290 

18,520 

131,000 

Bimrar benzol. 

j 0 702 

0,400 

17,080 

1X0,100 

0‘70U Shell (Crown). 

! U7U7 

10,140 

18,250 

140,:’uO 


It will ho noted that there is very little difference in the calorific 
value por pound of the different petrols, because the composition by 
woight is practically tho samo for any donsity, but when the gravity 
is taken into account it is an obvious advantage from tho point 
of viow of boat units available por gallon to employ tho denser 
varieties. 

Tho principal data in roferoneo to petrol are given in Tablo 
XXXIV., p. 108, together with those of bonzeno and alcohol, so that 
a comparison may ho instituted between those fuols. 

The Petrol-Air Mixture.—Tho thoorotical amount of air for the 
eomploto combustion of petrol, as deduced from the avorago com¬ 
position by methods already described on p. 7, is— 

<‘ublc feet 

II*. at 0° C. at f.f) u K. 

Per pound . . . 15-24 187 1!)7 

l’er gallon . . . 10900 1.110 1420 

Ono volume of tho liquid requires, therefore, 8100 (at O’ C.) to 8900 
(at 60° F.) times its own volumo of air for complete combustion. 
Similarly, tho percentage of carbon dioxido in tho lijfij exhaust gases 
for petrol of this composition will bo IPS per cent. 

Owing to tho complex nature of petrol, it is not possible to 
ealculato accurately tho actual volumo in tho state of vapour which 
a given volumo of liquid petrol would occupy, as, for example, when 
it is taken up as vapour in an air current. lTbfof hexano would 
occupy 4-2 cub. ft. in a stato of vapour at O’ C. (4 4 at 60° F.), 
whereas 1* lb. octano would occupy 315 cub. ft. at 0° C. (3 32 at 
60° F.). Taking a round figure of 4 cub. ft. of vapour per pound of 
petrol, it will be found that tho theoretical air required is ; about 48 
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times the vommo oi tno petrol vapour, or tho mixturo contains 
practically 2 per cent, petrol,vapour. 

Tho calorific value of 1 cub. ft. of tho theoretical petrol air 
mixturo may now bo calculated. Tho total volume of mixturo per 

pound is 4 4- 187 = 191, and tho calorific value of petrol per pound is 

on rM )A 

approxiin-.tely 20,000 B.Tli.l 1 ., bunco - j' - = 101-5 ll.Tb.U. per 

cub. ft. Similarly, at GO 1'. tho value per cub. ft. is approximately 
99-5 ll.Tb.U. 

Air is ablo to take up a far greater amount of petrol vapour than 
the above; according to Brower (Sue. of Kmj*., 1907), dry air will tako 
up 17 5 per cent, by volume of 0 G50 petrol at 50’ F. ( — 1 vol. petrol 
vapour to 5’7 vols. of air), whilst at GH V. it will tako up 27 per cont. 
( = 1 vol. vapour to 3'7 vols. of air). It is evident, therefore, that a 
largo oxcoss of air must bo omployed in practico to bring such a 
mixturo down to theoretical strength. 

Furthor, above a certain percentage of vapour tho mixture, 
although highly inflammablo, is not explosive. Tho rango of com¬ 
position between which mixtures of petrol vapour and air aro truly 
explosivo is very limited. Tho figures given in tho “Motor Union 
Fuels Report’’ (1907) are: minimum, l'lper cont. by volume; maximum, 
5-3; explosive rango, 4-2. On tho assumption that 1 11). of petrol gives 
1 cub. ft. of vapour, tho oxplosivo mixturo figures aro approximately— 


At maximum for 1 lb. petrol. 
At minimum „ ,, 


lie* 

air. 


5-7(1 


29-0 


ruble fri t 

at <f (. at 00° K. 

71 5 71-5 

3000 3750 


Tho more generally accepted limits arc: minimum, 2 0 per cent.; 
maximum, 4-5 per cent., and these figures aro probably more in 
agreement with tho true explosion conditions, as distinct from bare 
inflammation. 

It must be remembered that although a mixturo may bo non¬ 
explosive at ordinary pressure, on increasing tho pressure buch a 
mixturo may become explosive. 

Rate of Flame Propagation in Petrol-air Mixtures. This is 
obviously an important consideration, determining as it does whether 
combustion has ceased before tho end of tho working stroko of tho 
piston, and bow sogn after ignition tho maximum pressure is roachod, 
which determines incidentally tho point in tho cycle whore ignition 
should tako place. Obviously, with an engine running at,jpay, 2000 
revolutions per minute, a slow-burning mixturo may even bo alight 
when the. inlet valve opens, with consequent firing back into the 
carburettor. 
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Nouman has made determinations el the rate for petrol-air, and 
his results are shown graphically in Eig.,21. 

It will bo seen that a maximum rate is obtained with about 12-5 
parts by weight of air to 1 of potroJ, which is considerably less than 
the theoretical air necessary. r 

With a slow-burning mixture (in practice one which should owe 
its comparatively slow rate to moro air than tho theoretical) the 
mixture would have to bo ignited oarlior for a givon speed; again, 



Pm. 29.—lUte of flame propagation in petrol-air mixtures (Nouman). 

if at a slow spood tho ignition is correct for tho mixture, incroaso of 
spend will mean a reduced interval between tho top of tho stroke 
and tho ignition, so that tho maximum ofTcct will not bo obtained 
whon ignition takes place at tho same point; in othor words, tho 
ignition must bo made soonor In order not to lose efficiency. 

Combustion of Petrol.—When petrol (assuming tho composition 
C 8 n i4 ) is burnt completely with tho theoretical amount of air (15-24 
lbs. por lb.), tho dry exhaust gasos would consist of carbon dioxido 
14-35 por cont., nitrogen 85 G5 por cont. It has,- howover, been 
noted frequently that after undergoing combustion in an ongino it is 
impossible to account for all tho carbon and hydrogen consumed as 
carbon dioxido and monoxide, which points to tho conclusion that 
prodnots of incomplete combustion other than,carbon monoxide are 
formed, and aldohyde seems to be produced uudor some conditions. 
Tho formation of carbon monoxido through insufficiency of oxygen 
is obsorvod frequently whon tho exhaust gases aro analyzed, and it 
has boen obsorvod by Mr. Dugald Clerk that an excess of oxygen 
mav be present ovet^whon carbon monoxide is still being formed. 
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Professor W. Watson lias carried out extensive investigations 
on the petrol ongino (see Engineering, 1910, 88, 331, and J. 
Soe. Arts, 1910, 58, 988),* and found that tho highest thermal 
efficiency was not attained when tho air for combustion was tho 
theoretical amount, but was obtained actually with an air-potrol 
ratio of 17 lhs. to 1 lb. This is concluded to lio duo to two causes, 
a lower cylinder temperature, so that loss heat is lost through tho 
walls, and to the lower moan specific heat of tho gases (tho specific 
heat rising with tho temperature), hence tho riso of pressure is 
greater for a given quantity of heat supplied. In general, tho host 
mechanical efficiency was found with about 12 lhs. of air to 1 lb. of 
petrol. With a weaker mixture than 17 5 to 1 there is risk of hack¬ 
firing into tho carburettor, tho rati 1 of burning being so reduced that 
combustion is not completed before the inlet port opens. 

Tho Royal Automobile Club has adopted such a petrol-air mixture 
as will givo about 1 per cent, of free oxygen in tho exhaust gases. 

It has also boon shown above that 1 11). of petrol vapour yields 
4 -f 197 = 201 cub. ft. of theoretical mixture at 00' P. Since tho 
avorago thermal efficiency of a good pelrol engine is 22 per coni, corre¬ 
sponding to a consumption of 07 pint per H.I1.1’. hour,! or 0 03 lb. 
with a sp. gr. of 0 72, with tho theoretical air ratio of 15-24 lbs. to 1, 
the number of cubic feet of mixture which must bo supplied to givo 

201 x 0 G3 „ , , ,, 

1 B.H.P. per minute = — ^.y = 21 cub. ft. 

Extinction of Petrol Fires.—Ordinary methods of extinction aro 
useless in tho case of burning petrol; tho flamo muBt bo smotherod 
by cutting off the air supply. By the addition of an equal volume of 
caustic soda to a solution of alum a mixture is obtained which givos 
a very bulky foam when pumped on the petrol. This mixture has 
proved very effective in smothoring such fires, and is kept in readiness 
at many Continental stores and garages. 

Benzene (Benzol). 

The hydrocarbon benzene (C,II,) is the first member of a sorios of 
hydrocarbons known as tho aromatic aeries, which occur chiefly in 
tars obtained by tho distillation of coal. Tho first three members of 
the series only demand consideration: they aro :— 

Commit. JMI.hk iK'Inl J C. Pp-cllV emit/. 

Benzene .* . C # H„ 80-5 -8H0 

Toluene . . C,n 5 .CH 3 1100 ’805 

Xylene . . C,H 4 (CHj) 2 137-140 about 

* The consumption in aeroplane engines ia oonaideraoly higher; 1 to 1-06 
pint* per B5U.P. hour. 
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Benzene was discovered by Faraday in 1825 in the liquid products 
obtained by condensing oil gas. Hofmann (1845) recognized it as a 
constituent of tho light oils from coal tar. Benzene freezes at a tem- 
peraturo of -(- 6’ C. Its sperifw heat is 0-416 botweon 19° and 30° 0., 
and its talent heat, of vaporization at 80-35° C., is, according to 
J). Tyrcr, 94-35 cals, per gram, and at ordinary air temperatures 
about 100 cals. 

Pure benzene is far too expensive to be used as a fuel. The 
material available for this purposo is a mixture consisting mainly of 
tho throe hydrocarbons described above, tho proportion of oach being 
dependent upon tho process of distillation. The commercial mixture 
is commonly known as “ benzol." 

Tho light oils from coal tar distillation are redistilled, and tho 
lowest boiling fractions collected separately. Thoso are washed by 
agitating thoroughly with sulphuric acid (which removes some 
sulphur compounds, basic compounds, and certain unsaturated 
hydrocarbons), then with sodium hydroxide (caustic soda), which 
removes any tar acids, such as carbolic acid, which may bo 
present, and finally with water. It is thon submitted to a 
procoss of roctitication in stills fittod with apparatus so that whilst 
tho lower boiling and more volatile constituents pass forward to tho 
wator-coolod condonsors, tho higher boiling portions are flowing back 
continually to tho still. According to the character of the com. 
mercial fraction desired, so tho distillates are collected up to a certain 
temperature and specific gravity. 

Largo quantities of bonzol also are extracted from tho gases and 
vapour evolved in the production of coko in recovery ovens, generally 
by direct processes of absorption by heavy oils, from which the more 
volatile benzene is recovered by subsequent distillation. The wholo 
question of output and possible supplies of benzol, which, boing 
practically tho only native fuet available in largo quantities for use in 
internal combustion ongines, is of immonse importance, is discussed 
later in tho section dealing with the economic aspects of liquid fuel 
(p. 181). 

Commercial benzol is classified as 90 per conk, 50 per cent., 
60/90 por cont.., otc. This does not indicate tho percentage of 
bonzone prosont in tho distillate, but the percentage distilling below 
a certain tomporaturo, generally 100° C. Thus, a 90 por cent, dis¬ 
tillate yields 90 volumes out of 100 below a temperature of 100° C.; 
60/90 yields 50 volumes below 100° C., and 90 volumes, in all, before 
120° C. ^exceeded. 

It follows that tho commercial grades are mixtures of the hydro- 
earbons benzeno, toluene, and xylene, the proportion of the last two 
increasing as the yield below 100° C. decreases. There is also present 
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a varying amount of hydrocarbons of other series, which escapo attack 
during the sulphuric acid washing; these are principally of the paraffin 
series, but some quantity of naphthene (polyinothyleno) hydrocarbons 
aro also present. The quantity of hydrocarbons othor than those of 
the aromatic series is of no moment from a fuol point of viow, but in 
many of the applications in the Arts is a sorious drawback. 

The following proportion of the hydrocarbons present may bo 
taken as approximately correct:— 

Boutem. Totura*. Xjltiu. Other byilroarboni. 

90 per cent, bonzol . 70-75 22-24 tracos 4-G per cent. 

50 per cent, benzol . 50 35-10 30 

The commercial valuation of benzol is nindo in this country by a 
purely arbitrary and most unscientific method of distillation where 
the bulb of the thermometer is immersed in the liquid. As with 
petrol, the form of apparatus employed, the rato of distillation, etc., 
mako a considerable variation in tho volumo of tho fractions obtained 
for a given rango of temperature. 

Ninety per cent, bonzol is tho quality omployod usually in this 
country as a petrol substitute in internal combustion engines. Tho 
full data on all tho important chemical and physical properties for 
this class are given in Table XXXIV. (p. 15b). The freezing point 
of pure benzene is G’ C., but, although definite results are wanting, 
the froozing point of the commercial benzol will lie somowhat lowor. 

Benzol (90 per cent.) has proved a most successful fuel in internal 
combustion engines, whero it may be employed without any altera¬ 
tions to existing arrangements for petrol. In tests made with a 
12 II.P. stationary ongine, tho results obtained were about 12-5 jier 
cent, hotter than with petrol in the same engine. Results in practice 
aro referred to later in comparison with tlioso for petrol and alcohol. 

Possibilities of Crude Benzol.—The important consideration arisos 
as to whether purification to tho degree usually adoptod for com¬ 
mercial benzol (which has to bo used for many purposos where a fair 
degree of purity is essential) is necessary for its use in internal com¬ 
bustion engines. The exhaust from engines running on bonzeno has 
a characteristic odour. This may ho duo in part to sulphur com¬ 
pounds which aro also present, hut the smell certainly does not 
suggest that sulphur compounds aro tho principal offenders. 

In evidence before tho Motor Union Committee (p. 43 of M. 
U. Report), Mr. 3?dmond Lodoux stated that I 10 had usod unwashed 
65 per cent, (below 120 3 C.) bonzol in a car with every suceoss, hut 
that the smell was objectionable; whilst Mr. W. A. Bower Considered 
that at present unwashed benzol could not btf regarded as quite 
suitable, but expressed confidence that, by distilling out the lighter 
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portions, whereby the bulk of the sulphur compounds could be 
eliminated, it could be made suitable. * 

According to A. Spilker* (/. S. G. /., 1910, 616), attompts to 
use crude benzol have failed owing to a separation of resinous 
bodies, their formation being attributed to cyclopontadieno (a 
“naphthene" hydrocarbon), which polymorizos. Ho mentions that 
on standing for some months crude benzol shows an increase in 
specific gravity, an incroaso in the non-volatile constituents, resulting 
in a fall of about 1 per cent, in the proportion distilling below 100’ C. 
It may bo noted here that tho darkening in colour observed when 
unwashed benzene is kept for some time exposed to light supports 
this view of polymerization, and it is highly probable that the peculiar 
characteristics of tho exhaust with benzol are duo mainly to the incom¬ 
plete combustion of such compounds, and that sulphur compounds 
play but a minor part. 


Ai.coiioi.. 

Although not a fuel in the commercial senso in Great Britain, 
alcohol oilers so many advantages as a fuel that its extended use is 
rendered impossible at present only by reasons of cost of production 
and Excise restrictions. Its practical value has been demonstrated 
abundantly, for it has taken a placo already as a commercial fuel in 
Germany, Franco and, to a loss extent, in the United Statos. fn 
oach of these countries valuable Government aid has been givon 
in investigating methods of production and application in suitable 
engines. Although the United Statos probably is provided more 
abundantly by Nature with fuels than any other country, its Govern¬ 
ment has not hesitated to expend considerable sums in investigating 
tho value of alcohol, and tho Report on the subject {Hull. No. 692, 
U.S. Geol. Survey, 1909) is worthy of careful study. No less than 
2000 tests on gasoline and alcohol engines were carried out. 

The necessity for careful consideration of alcohol as a fuel is 
crystallized in a simple statement that it is at present tho only 
medium through which man is able to convert the heat energy of tho 
sun into work in a sufficiently reasonable time and in sufficient 
quantities to justify the application of the term “ fuel" to the product. 
For all other fuels mankind is dependent, sooner or later, on natural 
materials, tho provision of which by Nature is not proceeding at 
anything approaching the rate of consumption; indeed, in somo 
cases, the provision has probably ceased already. Alcohol, then, is 
the only fuel which can be manufactured in large quantities without 
recourse to existing fuol substances, and this possibility is of the 
utmost importance in countries devoid of any large quantity of 
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natural oils suitable for internal combustion engines. It affords the 
only possible weapon of defence against increasing cost of imported 
fuel, and tho almost certaiu increase irf the cost of benzol when its 
use becomes more general. At somo distantly future date, when our 
coal-measures aro nearing exhaustion, it may become the fuel on 
which tbo nation will bo primarily dependent. 

Advantages of Alcohol.—Alcohol a* a fuel offers the advantages 
of great safety, by reason of its low dogroe of volatility and higher 
flash point, about 17’ C. (CO" F.) ; its vapours are not quite half as 
heavy as those of potrol, so that it does not croep and accumulate in 
dangerous quantities on low lovols, and a higher proportion is neoded 
to form an explosive mixture; it mixes in all proportions with 
wator, and burning alcohol can he extinguished with water. 
Although of much lower thermal valuo than potrol and benzeno, it 
shows a relatively good thermal efficiency, and the actual consumption 
for a given powor is not much higher than with thoso othor fuels. 
Its uniformity of composition is another point in its favour. 

On tho othor hand, there is tho groat problem of cost and 
exemption from many of tho restrictions at present imposed on its 
production to ho ovorcomo. Further, as minor objections, come the 
question of possible corrosion; tho fact that some Wo per cent, of the 
total heat of its combustion is required for vaporization, and that 
some addition, such as benzol, or tho prior running of tho ongino on 
either potrol or benzol to warm up is necessary before alcohol can 
bo used diroctly. Tho corrosion trouble is not serious, neither is that 
of vaporization, oneo the eugino is hot, for there is always tho 
sensiblo boat of tho exhaust gases available; but that of difficulty 
in starting from the cold is almost inherent in a fuel of low vapour 
pressure. 

Tho higher dogroo of safety renders the storago, handling and 
transport of alcohol more froo from thoso necesaary.restrictions which 
have to be imposed on petrol and benzol, and would appreciably 
affect insurance rates. Further, in many hot countries the use of 
the more volatilo spirits is almost impossible, whilst in tho hottost 
climato alcohol is perfectly safe. 

The exhaust gases from alcohol aro, in addition, quite free from 
any objectionable odour. 

Composition of Alcohols.—A largo number of bodies having 
certaiu characteristics, which are typified in the ordinary ethyl 
aloohol of fermentation, aro classed as alcohols, biit only the first two 
members of the series, which may be regarded as hydroxyl (HO) 
substitution products of the paraffin hydrocarbons methane (CD,) 
and ethane (C a H,),demand consideration ns fuel. One very important 
point is that in all alcohols there is a fairly high proportion*! oxygen 
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which affeotg their calorifics Value adversely. The composition and 
physical properties of the fuel alcohols are as follows: — 


Name, 

Formula. 

P« rmiUfit* oi.nijh.sitKm. 

Carbon, j llv.Jiogen. 0\yg<T) 

S|*cllh- 

gravity. 

Hulling 

point. 

Methvl alcoLol. . 
Ethyl alcohol . . 

CH.OH 

37 5 ! 12 5 ! 50n 

0 810 

r>c° o. 

CjHj-OH 

62-2 | 13 0 i 34 8 

0 7U4t» 

78 6 C. 


Tho speciHc heat of the ethyl alcohol is 0 615 at 30’ C. Its latent 
heat of vaporization is from 200 to 205 cals, per gram. The latent 
heat of methyl alcohol is about 265 cals, per gram. Both mix 
perfectly with each other and with wator in any proportion, a marked 
contraction in volume taking place in the latter ease. 

Methyl Alcohol is obtained mainly by tho distillation of tho 
pyrolignoous liquids obtained in tho destructive distillation of wood 
(soe p. 21). Tbeso acid liquids are washod first with alkalies, and 
the remaining crude spirit contains about HO per cent, of methyl 
alcohol or “ wood spirit." 

Ethyl Alcohol is tho principal alcohol obtained in ordinary 
processes of alcoholic fermentation; small amounts of alcohols of 
higher molecular weight -the fusel oils—are produced simultaneously. 
With tho realization of the possibilities of alcohol as a fuel much 
attention is being paid to cheap methods of production; these are 
roforrod to in detail later. 

I’uro absolute alcohol cannot be considered as a practical fuol; 
tho elimination of tho last few per cents, of wator is far too expensive 
in relation to tho gain in value. Further, because of necessary 
Excise restrictions, alcohol for commercial use must ho rendered 
undrinkable by the addition of various other liquids, a process 
termed denaturing. Tho strength of alcohol is estimated in this 
country, Franco and tho United States in percentages by volume; 
in Germany, in percentage by weight. Proof spirit derivos its name 
from the old test of whether the alcohol-water mixture burnt with 
sufficient intensity to ignito gunpowder. Proof spirit contains 57 06 
per cent, by volume, or 49 24 per cent, by weight of alcohol. Its 
specific gravity at 15" C. is 0919H. 

Denatured Alcohol (Methylated Spirit).—Various denaturing 
fluids are employed in different countries for rendering alcohol 
unpalatablo. In England, 10 per cent, of methyl alcohol and a 
small quantity of a paraffin hydrocarbon, which causes tjjybidity 
when the methylated spirit is diluted with water, are employed. In 
France, the denatured alcohol is very similar in composition. In 
Germany, two classes of denatured spirit are avajjpblc; for ordinary 

M 
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use, 2-5 vols of methyl aloohol in 100 of ethyl, together with a small 
quantity of the jbyridine bases extracted from coal tar; for fuel 
purposes, half this quantity of mothyl Klcohol and not less than 2 per 
cent, of benzol, tho mixture being given a distinctive colour by the 
addition of methyl violet—one,of the coal tar colours. 

Calorific Value.—The values determined by various observers 
differ somewhat, but the following moan values from all the reliable 
determinations available may be taken. The net values have been 
calculated from the gross values on tho assumption that in the latter 
tho water formed was oondensod to a final temperature of 60° F. 



Specific | 
gravity. 

B.Tti U. 

Gross. 

, por lb. 

N**t. 

B Th.U. i 

Gross. 

>er gallon. 

Nat. 

Methyl alcohol. 

0-810 

9,570 | 

8,320 

77,500 

67,450 

Kthyl alcohol. 

0 794G 

12,700 

11,480 

101,000 

91,100 

Methylated spirit. 

0 820 

11,320 

10,350 

92,820 

84,900 


According to Schottler, ethyl alcohol of various strengths has the 
following density and calorific value:— 


Alcohol per ernt. 

Specific 

Net heating 

by vol. 

gravity. 

value. 

95 

0-805 

10,880 

90 

0-815 

10,080 

85 

0-826 

9,360 

80 

0-8,'SG 

8,630 


Air for Combustion.—By methods described earlier, tho theo¬ 
retical volume of air for tho combustion of alcohol of various 
strengths may bo calculated to be as given in Table XXXV. 

TABLE XXXV. 

THEORETICAL Am FOR T1IE COHBCSTIOB OF ALOOIIOL. 



Uy weight. | 


By volume. 


Strength. 

Air per 

Air per 

Cub. ft. 

| 

Cub. ft. at 60° F. 


lb. 

i*n 

Per lb. 

l'tr *«fl. 

Per lb. 

Per gall. 

Absolute. 

90 

71-5 

111-0 

8820 , 

117-0 

9300 

65 por oent. 

8-48 

688 

104-5 

841-0 

110-0 

890 0 

80 . 

7-75 

63-3 

960 

783-0 ; 

101-5 

8270 

85 . 

7-21 

59-5 

89-4 

738-5 

94-5 

780-6 

Methylated spirit (0 820) 

8-75 

71-8 

I 

1080 

•8USO 

113-5 

9300 


Albviecessary data relating to the composition, physical properties, 
air for combustion, etc., of methylated spirit will be found in 
Table XXXIV (p. 158). Attention need be directed only to the effect 
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these various (actors have on the practical application o( spirit in 
internal combustion enginos. 

The explosive range is rfluch greater than (or benzene-air and 
petrol-air mixtures, which give greater “ flexibility " to the engino. 
The rate of flame propagation in the mixture is much slower than in 
the case of other mixtures, so that more uniform pressure is exerted 
throughout the stroke; since combustion is moro prolonged the 
sparking must bo advanced as compared with that required for petrol 
or benzene, and the slow rate of propagation also indicates that a 
lower speod of running is required. Tho ealorifle value of the mixture 
with theoretical air will lie seen on comparison to be only a few per 
cents, lower than that for petrol-air or hcuzcnc-air mixtuies. 

Thermal Efficiency of Alcohol —It will he seen that tho relative 
calorific value of petrol and alcohol per lb. is us 105 to 1. The 
thermal efficiency of an internal combustion engino is, however, 
largely proportional to the compression, and here the high com¬ 
pression which is possible with alcohol without fear of pro-ignition 
gives it a marked advantage ; so great, indeed, that the discrepancy 
of their calorific values is largely eliminated. A good petrol engine 
will givo about 20 per cent, mechanical efficiency; many Continental 
makers of alcohol engines will guarantee an efficiency of 30 per cent. 
It will be seen that the product of calorific valuo and mechanical 
efficiency in tho caso of these two fuels is approximately tho samo; 
indeed, tho approximate relative efficiencies of engines of suitable 
design in each case, running respectively on benzene, petrol, and' 
alcohol, conform to the ratios IT : 1*0: 0 0. 

In the United States tosts, with engines in each case working 
under the best conditions, vory high efficiencies wore obtained ; with 
alcohol 39 per cent.; with petrol 20 per cent.; the approximate 
ratios therefore were 1-5:1. 

Corrosion with Alcohol. —One of tho troubles which have orison 
with alcohol in engines has heen that of corrosion of valves, etc., due 
to tho production of acid bodies. The partial oxidation of an alcohol 
takes place at a low temperature, and leads first, to tho formation of 
a substance known as an aUlehgde, and this in turn becomes an aoia. 
Thus — 

Methyl alcohol Formaldehyde Formic acid 
CHj.OII -» II.COII H.COOH 

Ethyl aW.iol Acetaldehyde Acetic acid 

c 2 h 5 .oh -» cHj.coh -»cu 3 .coori 

Sorel, in his exhaustive volume on “ Carburetting and Combustion 
in Alcohol Engines,” which should be consulted for detailed informa¬ 
tion on tHe whole subject, concludes that metiy l alcohol begins to 
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form aldehyde at 160’ 0. (320° F.), whilst strong ethyl aloohol does 
not show the formation of acetaldehyde until a temperature of 300° C. 
(572° F.). This confirms the general’opinion that the high per¬ 
centage of methyl alcohol in English and French methylated spirit is 
greatly against their use in intprnal combustion engines. Its re¬ 
duction and the substitution of some other denaturant, although it is 
not easy to suggost one offering sufficient difficulties to prevent its 
too ready removal, would undoubtedly bocome necessary. 

In the presonco of oxygen at a moderate temperature some 
acetaldehyde and acetic acid are cortain to he formed from the ethyl 
alcohol, and the exhaust gases are always liablo to contain tracos of 
acids. Running a few revolutions on petrol or benzene bofore stop¬ 
ping the engine is found to ovorcome the trouble of corrosion, and 
this offers no groat difficulty, for in many cases such fuels are 
necessary for starting up. It must bo remembered that while the 
engine is hot thoso acid products will not affect tho metal; it is only 
on cooling, loading to their condensation on the surfaces, that action 
will be set up. For this reason the silencer gonorally is found to 
suffer most. 

Souroes of Industrial Alcohol.—The success of alcohol as a fuel 
will depend necessarily upon tho facilities and cost of production. 
Until (juito recent years alcohol has boen obtained entirely by fer¬ 
mentation of materials derived from starch or from sugars, by the 
woll-known action of tho yoast cell. With either process tho cost 
has boon relatively high and dependent to a largo extent upon the 
success of tho potato and sugar-beet crops. 

Much scientific skill has boen expended in attempting to produce 
alcohol at a much cheaper rate from ordinary celluloso materials— 
wasto wood, tho sulphite lyes from tho wood pulp mills, and other 
sources. It is not intended to discuss methods of production but to 
refer mainly to results which have been obtained, and their bearing 
on probablo cost of actual production. 

According to 13. A. Maun (/. S. C. I. 1906, 1076) the following 
yiold of alcohol is tho avorago for the various materials commonly 
employed in ordinary fermentation processes:— 


i 


Pure starch. 

Wheat, barley, oats, etc. (average) 
Potatoes pi per cent, starch) . 
Sugar cane (IS per co^t. sugar) 
Beet (10 per cent, sugar). . . 


> Equal to a jrleM Id gallons j*r ton. 
Proof gallons ppr - - - 


buthi'l of (>i) lU. 1 

Alxtnlutt 

i 90 j*er cent. 

_ 1 

Alcohol. 

1 alcohol. 

j 

* C 

i 

4'68 ' 

820 

950 

208 

38-0 

420 

1-26 : 

28-5 

25'5 

0*72 

13-5 

14-7 

0-60 

11-25 

12-25 


1 




IX.] . k ALCOHOL res 

l’rofessor R. F. Rattan (J. S. C. I. 1909, 1291) sivos tho cost of 
raw materials used in the« fermentation processes per gallon of 


94 per cent, alcohol as approximately— 

Indian corn, tho cheapest American grain sour* e 21 conls 

Raw molasses.'21 22 „ 

Raw material in Germany. 20 21 „ 


These prices ho considers prohibitive, and looks to wood waste as the 
only available material for furnishing alcohol at a low juice. 

It is very difficult to anivo at tho actual yield likely to ho obtained 
from wood (sawdust and general waste) and from tho sulphite liijnors 
obtained in the production of cellulose for paper; tho figures given 
by different writers vary very widely. From wood tho yield stated 
ranges from 20 gallons of 90 per cent, alcohol to 52-8 gallons. 

Professor Ruttan (/<«•. cil.) stales that, although waste wood is 
being employed more and more for power purposes, there are still 
large quantities of which it is imjrossililo to dispose, capable of 
yielding 20 gallons of 94 jier cent, alcohol per ton (dry), and that the 
Standard Alcohol Company claim that their plant, which is already 
operating on 100 tons of (dry) sawdust in tho 10-hour day with 
profitable results, could produce alcohol (90 per cent.) at a cost of 
10-8 cents per gallon, if working 200 tons daily. On a still larger 
scale it is estimated that tho cost could ho reduced to 7 cents per 
gallon. 

With waste sulphite liquors, fermentation yields, according to 
a United States Consular Report, 14 gallons of absolute alcohol for 
every ton of cellulose produced. Results given by W. Kihy (J. S. C. T. 
1910, 12G5) for Swedish wood pulp mills aro noarly equal to this. 
It is estimated that the pulp mills of Sweden aro capable of pro¬ 
ducing about 51 million gallons por annum ; tho cost with J ire sent 
tax amounting to about 9 ; 3 pence per gallon. Kihy further estimates 
that a plant producing 60 tons of cellulose per day would lx> equiva¬ 
lent to producing about 286,000 gallons of alcohol annually, and tho 
cost, with 10 per cent, allowance for depreciation in capital, would 
amount to but little over 5 hi. per gallon. In evidence before tho 
Departmental Committeo on Industrial Alcohol, Dr. Ormandy stated 
that, according to most recent information, alcohol could he produced 
from wood at an inclusive cost of just under 6</. per gallon. 

According to T. Keener (/. S. C. 1. 1908,1216), those yields are likely 
to be increased materially by the addition of 2 per cent, of hydrogen 
peroxide to the dilute acid used in the treatment of the celldise. 

Many other sources of cheap aleohol have been proposed, but, in 
tiew of the absence of any quantities of waste wood in Great Britain, 
one for the production from peat by fermentation (see M.U. Report 
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of Fuels Committee, p. 50) is of interest. It is claimed that this 
process would enable alcohol (90 per cent.) to be produced at 3d. a 
gallon in bulk at tho works. 

It appears ovident that in large wood-producing countries alcohol 
certainly can be produced at a very much cheaper rate than it can 
possibly be produced in other countries dependent upon the 'ermenta- 
tion of starches and sugars, and in such countries it would prove a 
cheap fuel whon used in internal combustion engines. 

For alcohol to become a practical fuel in tho British Isles (outside 
the doubtful production from peat) fermentation processes dependent 
upon starch or boet sugar would have to be relied on. Tho actual 
cost of production from these sources varies from year to year with 
the crops. About Is. a gallon appears to be tho average cost of fuel 
alcohol in Gormany, with the cost of denaturing and Government 
supervision. In Groat Britain the cost of production alone appears 
to be about lid. por gallon, and with the necessary restrictions on 
processes, supervision and duties, the price amounts to about Is. id. 
to Is. Gd. por bulk gallon; the retail prico is about Is. lid. per 
gallon. 

Mr. Tyror stated before the M.U. Committoe that motor alcohol 
was contracted for in Germany at just under Is. per gallon in large 
quantities, but that this price was exceptionally low, and in 190G the 
prico was about Is. id. and in 1907 about Is. 3d. por gallon. 

In tho lioport of the Departmental Committee roferred to above 
tho following occurs: “ Any question of tho use of spirit for motor 
vehicles will be one of prico, and as tho jiresrnl prico of petrol is about 
half tho price of methylated spirit, we think that close investigation 
of the matter may be delayed until such time as thero may be an 
approximation between tho prices of petrol and spirit sufficient to 
create a practical alternative of choice hetweon the two." In view 
of the big increment of prico in potrol since this report was issued, 
this approximation is certainly very near to realization ; tho import¬ 
ance of a fresh consideration of the whole question of freeing alcohol 
to be used for fuel purposes from some of the oqorous restrictions 
hitherto imposed is certainly dosirablo. 


CourAiusoN ov Petrol, Benzol and Alcohol m Practice 

• * 

A large number of petrol engines have been run with every 
succosa-vvith 90 per cent, benzol as the sole fuel, a point of very 
great importance dn view of the latter being a home product. The 
only alteration in conditions of combustion has been the.admission 
> of a little more aiKthan for pettjol; no structural alterations have 
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been required. The chief difficult; has been a little trouble in start* 
ing in cold weather; there is also the possibility of tho benzene 
solidifying at low temperatures, but admixture with petrol obviates 
these difficulties. 

The genoral experience with benzol is that a better efficiency is 
obtained with an ordinary petrol motor, and many who have tried 
benzol find a car takes a hill hotter on this fuel than on potrol. In an 
exhaustive trial made with a 12 II I’, stationary engine, benzol proved 
12-5 per cent, more officiant than potrol. Brower states that a 
40 H.P. 6-cylindor Napier car gave a ratio of miles por gallon on 
benzol as compared with petrol of 125 ; 1. In a record of trials givon 
in tho M. U. Fuels Reports the ratio for similar trials was 136 ; 1. 

Large numbers of tests are available showing tho results obtainod 
with alcohol, and in Germany alcohol engines have worked with 
success for many years; it is, howevor, to tho largo sorios of trials 
made in the United States that reference must bo made for tho most 
exhaustive results on alcohol as a fuel. 

Amongst tho earliest trials which demonstrated tho success of 
alcohol were those at Vienna, where tho consumption of alcohol por 

H. P. hour was 0-82 lb. and of petrol 0 75 II). In tho American 
trials, with engines built to givo tho best result with alcohol and 
petrol respectively, tho compression for alcohol being 180 lbs. and 
for potrol 70 lbs. above atmospheric, the thermal efficiency on tho 

I. H.P. and not heating value was for alcohol 39-40 por cent., for 
petrol 26-28 por cent. Tho actual fuel consumption was 0-7 lb. 
alcohol and 0 G lb. petrol, so that for engines of tho most suitable 
construction in each case, it was almost exactly equal by volumo. 
Allowing for the difference in specific gravity tho consumption of 
alcohol to petrol by weight is 1*14 : 1. 

The general conclusions arrived at in these trials wore— 

(1) That any petrol engine of the ordinary typo can ho run on 

alcohol without any matorial alteration in tho construction 
of the engino. 

(2) The chief difficulties likely to ho mot with are in starling and 

supplying a sufficient quantity of the fuel. 

(3) The maximum powor is usually greater with alcohol, and the 

engines are more noiseless than with petrol. 

(4) The fuel consumption per ]!. II.P. with a good small stationary 

engine m$y bo expected to bo 1 lb. (or a littlo over) with 
alcohol and 0'7 lb. with potrol. 

The alcohol-air mixture burns at a slower rate than tho ljptrol-air 
mixture, so that for the best results ignition muBt take piece earlier 
with alcohol. In tests with a 15 II.P. petrol engine, load 85 por cent, 
of maximum, the best consumption of 0 66 lb. $er B.H.P. hour was_ . 
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attained with ignition 13’ before the dead centre; with alcohol, 79 
per cent, load, the best consumption was 11 lbs., with the ignition 
at 25°. 

The effect of more or less water in the alcohol is of importance, 
ainco the economic production, of ehoap alcohol for fuel will bo 
dependent to a considerable extent oq, the degree of freedom from 
wator in tho alcohol. Tho conclusion arrived at in the United States 
triads was that for a givon engine, load and compression, tho con¬ 
sumption of puro alcohol per B.II.P. increases with the water, and 
tho maximum available II.P. decreases, but not to a great extent. 
Prom BO to 94 por cent, of alcohol tho consumption of pure alcohol is 
about tho samo, i.r. tho total consumption is almost directly pro¬ 
portional to tho increase in the percentage of water. Thoro seems 
littlo to be gained in tho way of better performance of tho engine 
with purer alcohol, so that tho extra cost involved in obtaining very 
low percentage of water in tho alcohol is by no moans commensurate 
with tho better rosult it gives in practico. 

Alcohol mixed with other volatile inflammable liquids which are 
intondod to obviate the trouble duo to its lower volatility has met 
with considerable success, and during tho war many such mixtures 
have boon employed in Gormany. The following are typical: Alco¬ 
hol (95 per cent.), 70; bonzol, 30 parts: alcohol (90 per cent.), 50; 
aeetono, 20; benzol, 3[) parts: alcohol, 90; ethyl ether, 10 parts. 
In many cases a considerable quantity of uaphthalono is omployed, 
but this is not advisablo, as it tends to formation of carbon deposits. 
It is recommondod to add about 1 per cent, of lubricating oil to 
prevent corrosion. 

In this country a fuol consisting of alcohol, 60, ether, 40 parts, 
together with a traco of ammonia to neutralize corrosion, has proved 
successful. Slight reduction of tho air supply is necessary with all 
mixed fuels of this type. 



f'lIAPTRU X 

I1KAVY Ft;ELS FOR INTERNAL COMIHSTION ENGINES 

Emirr Oils (Pau.utin Oil, Kf.uosknk) 

Thu oils so largely employed in slow speed intornnl combustion 
engines are those sold mainly for general illuminating purposes, 
having a flash-point higher than 70’ although some spocial oils 
intended for uso solely in such engines are now put on tho markot. 
The usual temperaturo ovor which such oils are collected is from 
150’ to 300’ C. (303-572’’ F.). Tho general distillation process by 
which these oils aro ohtainod has boon described already (p. 114). 

Tho uso of thoso oils for power purposes offers many advantages 
ovor potrol. They form a much higher percontago of tho total dis¬ 
tillate obtained from tho crudo oil; their flash-point is so high that no 
spocial procautions aro required in their storage and distribution; 
thoy can ho obtained more readily than potrol; all thoso factors 
making their average price about ouo-third that of potrol. 

Having a calorific value per lb. equal to potrol, with their higher 
density thoy afford a much largor number of heat units to tho 
gallon than does potrol, so that in suitable engines their uso is vory 
economical. 

Owing to thoir relatively low vapour pressure it is impossible to 
form an explosive mixture with air in tho same manner as with a 
petrol carburettor; heat has to bo applied in order to vaporize the 
oil. Without spocial caro this may lead to “ cracking ’’ of tho oil, and 
th» again to considerable modification of tho air required, besides 
the almost certain appearance of carbon deposit. Whop a spray of 
paraffin oil is carried forward into tho cylinder condensation of somo 
portion is very likely to occur before complete combustion, and 
generally it is more difficult to attain that uniform composition of 
the mixture necessary in a high-speed engine. This uniformity ia 
of far greater importance in a high-speed engine running on illu¬ 
minating oils, because the range of explosion of tho mixtures only 
about half that of the petrol-air mixture, which itself is a narrow one. 

Engines on the lines of the petrol motor have been designed for 
use with "flluminatrag oils and work successfully at nearly constant 

109 
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speeds, but the difficulty of maintaining the constancy of the mixture 
with variable speeds has practically confined the general use of these 
higher distillates to Blow-spoed engines running without those wide 
fluctuations which occur with the ordinary petrol motor. 

* Composition and Properties oi Paraffin Oil.—The general character 
of theso oils haB boen referred to under the composition'-of crude 
petroloum. Being higher members of homologous series of hydro- 
cnrhons their avomgo percentage composition agrees with that of 
tho petrols. The composition and calorific value, determined in a 
bomb ealorimotor by W. Incbloy (Tfa Eng,, 1911, 111, 155) are given 
in Table XXXVI. 


TABLE XXXVI. 

Composition and Calorific Value op Paraffin Oils (If. Inchlty ). 


Name. 

t 

Specific 

gravity. 

i 

c 

Carbon.1 

1 

ompoiltion. ; 

j Oxygen, 

IlydrogouJ Nitrogen,' 

! "v- j 

Oalorb • 
per kilo. 

Calorlfl 

B.Tli U. 
per lb. 

c value. 

B.Tb.U. 
per gall. 

Royal Daylight 
(American) . . 

0-707 

85-70 

14-20 


11,167 

20,100 

159, (XX) 

Koroflooo (American) 

0-780 

85 "05 ' 

14-40 

0-55 

11,168 

20,095 

150,500 

Refined (Baku) . . 

0-825 

80-00 

14-00 

— 

11,270 

20,300 

167,000 

Russolo, R.V.O. . . 

0-896 

85-05 

13-50 

0-45 

10,001 

10,020 

174,500 

Solar Oil .... 

0-89G 

86-61 

12G0 

0-70 

10,783 

19,450 

i 

174,000 


Tho following determinations (Tablo XXXVI.) of calorific value 
(bomb calorimetor) and specific heat were mado by the writer:— 


TABLE XXXVII. 

Calorific Value and Specific Heat of Paraffin Oils ( Brume ). 


Nadi*. 


Royal Daylight (Toa Itoso) 
Water White (Whito Itoso) 

Russian. 

Roumanian. 


Specific 

gravity. 

Calorific value. 

Specific 

heat. 

, Calories 
per kilo. 

B.Tb.U. 
per lb. 

Y B.Tb.U. 

per gall. 

0-8055 

11,100 

19,980 

160,500 

0-450 

0-800 

13,140 

20,050 

160,400 

0457 

0-8248 

11,060 

19,910 

164,000 

0-485 

0-8127 

10,900 

19,620 « 

159,500 

0-444 


The flash-point of these oils is seldom below 81° F.; that of 
the special engine "taels (Bussolene, “ R.Y.O.” etc.) is generally from 
82-86° F. 
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The earlier oil engines wore dovolopod mainly with American oils 
of about sp. gr. 0 80 as thq fuol. With the introduction of the 
heavier Russian oils, sp. gr. about 0-84, tho results obtained were not 
so good. It was found, however, that by a slight increase of com¬ 
pression, by means of a plate fixed on tho piston, and frequently 
increasing tho proportion of air, tho engine, output was ofton 
considerably increased with tho hoavior Russian oils. This 
variation in conditions necossary to ensure the best results has 
led to a careful standardization of oils suitable for enginos of 
this type. 

Consumption of Oil.—Undor test conditions at full load the con¬ 
sumption of oil of tho above description has frequently not exceeded 
0'6 lb. per B.TT.P. hour. With a specific gravity of 0 S0 the pint of 
oil would weigh one pound, so that the consumption in pints is 
practically synonymous with the consumption in pounds. Under 
everyday running conditions at anything closely approaching full 
load an average consumption of oil of good quality may bo taken as 
070 lb. (or pints). 

Tho thermal efficiency of this type of ongine is between 21-22 
per cont. 


Heavy Ott.s 

In this class are included those oils more particularly suitable for 
tho Diesel or semi-Diesel typo of engine. They includo hoavior 
petroleum oils (such as already described as suitahlo for fuol oils, 
providing they are reasonably free from solid carbon, etc.); the solar 
oils, gas and blue oils intermediate between the ordinary burning and 
lubricating oils; heavier shale distillates, especially the portion un¬ 
suitable for lubricating oil, and containing but little paraffin wax; 
heavy coal tar and coke-oven tar oils; and many crude tars, including 
the above and water gas tar. 

In the preceding pages fairly complete information has been 
given on the composition and character of these various products. 
The important results in power production already achievod, and 
the very imports!?! place engines of this type are taking for both 
land and marine purposes, render it vory necossary to consider the 
influence which the composition and properties of tho diffi .'ret fuels 
exercise on their suitability for such use. The enginos have hardly 
been established a sufficient length of time for the most desirable 
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character of the fuel to be clearly established, but certain main 
conditions are recognized already. , 

In tho Diosel typo engino tlio initial compression raises the tem¬ 
perature of tho air to 000-000’ C. (1030-1110° F.) t and tho ignition 
of tho oil should take place when forced into this highly heated 
atmosphere. Clearly much will depend upon tho ignitio” point of 
tho oil, and this is determined mainly by the percentage of hydrogen 
it contains. A high class hoavy oil of tho typo which works perfectly 
in the Diesel ongino contains approximately— 

Carbon.Ht-15 per cent. 

Hydrogen.12-13-0 „ 

It lias a calorific valno (gross) of approximately 19,500 B.Th.H. 
per II). On the other hand aro tho fuel oils derived from coal tar 
and similar products, and crudo tar itself. Thoso have tho approxi¬ 
mate composition— 

Carlion 

Hydrogen 

and a ealorifio value of about 10,000 15.Th.li. 

It is found that whilst petroleum oils ignite properly in tho 
cylinder, tars and tar oils fail to ignite, and somo small proportion of 
petroleum oil must ho injected first to act as an ignitor. Mr. P. 
Bioppol has suggested .that thoso oils which ignito woll owe this 
properly to their “ cracking " at the temperature of tho compressed 
air; thoy thus sot free hydrogen and form heavier hydrocarbons, 
tho low ignition point of tho hydrogen initiating tho combustion by 
which the whole of tho heavier residues ultimately bocomo consumed. 
Dr. Minor considers that ethylono is a product of tho cracking, and 
that ignition is brought about by this hydrocarbon, the ignition point 
of which is 512-547° C. With tho other class of fuols this cracking 
is ahsont, and though tho more volatilo portions doubtless vaporize, 
the ignition is not satisfactory, and thoy aro cither not properly 
consumed or burn with explosive violence. 

The conditions under which those two classes of fuel aro produced 
strongly support thoso viows, for although little is known of tho 
higher mombors of tho different hydrocarbon serios present in heavy 
petroleum oils or tars, thoso in the former are unlikely to have 
undergone any notable change in the ordinary- distillation process, 
whilst tho hydrocarbons in tar aro probably nearly wholly the result 
of dost-’otivo distillation at temperatures far higher than those 
attained in the enjy.no cylinder, at which tomperature they are almost 
certain to be quite stable. 

, The physical cha actors of the fuels must be considered briefly 


7H -80 per cent. 
C-0'5 „ 
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Obviously, to avoid dogging'of tho fine injection orifices, oto., sus¬ 
pended matter must be absent, and water (such as may be present in 
considerable quantity in many tars, and which it is often vory difficult 
to remove) must bo practically absent. 

It is found that the degreo of fluidity of tho oil is one of the 
most important factors—if too fluid the spray is t>o fine, and undue 
pressures are sot up; on the other hand, if tho visoosity is high the 
spray is too coarse, and results in incomplete combustion. Although 
no data are available on the point, it appears from those considera¬ 
tions that any sudden chango in the character of tho curve obtained 
by plotting viscosities against temperature should not bo apparent in 
the region of the temperature at which tho oil is sprayed. 

Tar Oil and Crude Tar.—Although hoavior petroleum distillates 
are undoubtedly the most suitablo oils for thoso engines, the con¬ 
siderable success which has attendod tho use of tar oils and also 
crude tars, ospocially in Gormany, is a factor of considerable economio 
importance sineo, whilst petroleum oils aro of necessity importod, 
theso coal products are obtained in very largo quantities in this 
country. 

Tho heavier oils dorivod from tho croosote and anthracono oil 
fractions of coal tar distillation aro available without further troat- 
mont. Crude tars, providing they arc fluid, free from any quantity 
of water, free carbon and naphthalono, have been very successful. 
In many casos, however, it appoars that such tars are improved 
grootly by submitting them to distillation. Reference to Tablo XXV. 
(p. 119) will show clearly that vertical retort tars and all tars derived 
from bulk distillation of coal, as distinct from small shallow charges 
distilled at a high temperature, aro the only ones available in the crude 
state. 

Carbon and other solid particles must bo removed first by 
efficient straining through fine mesh gauze, and tho water separated 
by heating, as for heavy fuel oil. To givo sufficiently low viscosity 
the tar is used warm; provision is made for warming tho supply 
tank, pump, and tar pipe. According to Dr. Alltior, whilst tho 
viscosity of ordinary vertical retort tars varies greatly at ordinary 
temperatures, between £>0-7(P C. (122-15B 1 I‘\) the viscosity for all 
is practically tho same. Tho same authority states that a Dossau 
vertical retort produces daily sufficient tar for running a 20 II.P. 
Diesel engine for 1% hours. 

Consumption of Petroleum Oils and Tars — Tho consumption of 
heavy petroleum oils in the Diosel engine is from 0-40-0 45 "h. per 
B.H.P. hour; with tar oils the consumption is fitmt 0-4B-0 50 lb., 
together with 0 01-0 02 lb. of petroleum ignition oii. 
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According to Prof. H. Ada Clarke,‘toe air necessaiy for proper 
combustion in the' Diesel engine is 3-3 times the theoretical. The 
theoretical volume at 60'’ F. would he approximately 190 cub. ft., 
so that, on Clarke's ostimato, some 630 cub. ft. of air are actually 
required. It is evident that the beat losses in the exhaust gases with 
such a largo mass of air will be very high. 

The consumption in crudo oil engines of the semi-Didsel typo is 
about 0'55-0-fl pints por B.H.P. hour. With a sp. gr. of 0 9 this is 
eqpal to 062-O67 11)8. A Blackstono ongine at the Eoyal Agricul¬ 
tural Show, Gloucester, 1909, working on Texas crude oil at 50s. per 
ton (2.Jrf. per gal.) consumed 049 pint (058 lb.) per B.II.P. hour. 


Economic Aspects ok Liquid Fued 

Tho practical advantages which liquid fuol possesses as com¬ 
pared with coal when consumed under boilers have already been 
dealt with fully in tho preceding pages, hut tlioy will be summarized 
briefly hero as groator evaporative power, ease of handling, cleanli- 
noss, ahsonco of ash, clinker, etc., combustion with littlo attention 
onco the proper conditions havo boon arrived at, all loading to great 
saving in tho costs of operating a plant oither for powor or geuorai 
industrial purposes. Further, the vory groat success which 1ms 
attonded tho introduction of iieavy oil engines of the Diesel type, 
and of other slow-speed oil onginos for genoral power purposes, has 
added to the importance of the question, and rondors it essentia! that 
carotid consideration should bo given to the economic aspects of the 
supply of liquid fuel. More especially is this tho case in countries 
whore petroleum oils, which furnish by far tho largest proportion of 
liquid fuels of a suitablo character, must always be imported fuels, 
and therefore dependent largly upon conditions outside our control. 

Supplies.—The output of oil from the various oil fields of the world 
is given in Table III, Appondix. For a comparison of the coal out¬ 
put of Groat Britain with the total oil production of the world, 
tho relative value of oil in terms of coal must be taken. In the ease 
of steam-raising, allowing for ail the economies of oil, its superior 
evaporative duty and other advantages, it may be taken that 1 lb. of 
oil is equivalent to l - 5 lbs, of coal. In internal combustion engines 
using heavy oil, the type wliioii gives the highest efficiency, it will be 
approximately correct to taka the consumption per B.H.P. as 05 lb. 
with regular running conditions, as against an average coal consump¬ 
tion of 2 lbs. per'‘B.H.P. Oil then may be converted into terms of 
ooal in the two caeos^ respectively by the factors P5 and 1. 
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The petroleum output & tons (2340 lbs.) for the periods below 
was as follows:— 

1D13. * 19'<. 5015. 

50,000,000 52,550,000 66,200,000 

Converting these values into terms of coal by tho above factors, the 
corresponding quantities become— 

1913. 1914. 1915. 

By steam-raising . 75,000,000 78,800,000 84,200,000 tons. 

In oil engines . . 200,000,000 210,200,000 224,800,000 „ 

The coal production of the whole world is estimated to be 1000 
million tons. If tho whole petroleum output of the world were 
available for use undor boilers, it would bo equivalent only to some 
8 per cent, of this, and if it ail could bo utili/.od in heavy oil onginos it 
would be equivalent to under 22 per cent. Owing to tho value of tho 
many industrial lighter oils from crude petroleum, it may be estimated 
that not more than half of tire crude oil raised would be available for 
gonoral power purposes, and since about half tho coal raised appears 
to ho used for such, tho abovo percentages remain unaltorod. 

The avorago coal output for the United Kingdom alone prior to 
the war was approximately 220,000,000 tons, so that the total petro¬ 
leum production of tho world in 1015 was equivalent approximately 
to 29 per cent, of tho coal output of thoso islands in the one case, 
and over 65,000,000 tons short in tho other. 

It is impossible to obtain more than a wido approximation of the 
proportion of this coal used for power purposes, but the round figure 
of 40,000,000 tons is generally taken. Clearly, then, tho natural 
petroleum supplies of fuel oil are about 5,000,000 tons (as equivalent 
to coal undor boilers) short of the home consumption of coal for 
power purposes. Taking engines of the Diesel typo, tho world's 
present output of fuel oil is equivalent to two and a half times the 
consumption of coal for power alono in Great Britain. 

In view of these important considerations it is clear that, groat as 
are the advantages that liquid fuel undoubtedly possesses, and with 
the great advances in output of tho last few years, it is still a fuel of 
very secondary importance in general, but in countries where it is 
bountifully supplied by nature, the enormous quantities there avail¬ 
able render it the fuel demanding pride of place. The question of its 
general use resolves itself entirely into a question of locality, for an 
imported fuel is never likely to supersede a fuel native to the country 
or district, except for special applications where its practical aufantages 
outweigh the disadvantage of its foreign source. ' 

The point is well illustrated in the case of tbe Mexican Railways. 
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At one time from 120,000 to 140,000 tins of patent fuel were im¬ 
ported from South 'Wales for locomotive use. With the develop¬ 
ment of the Mexican oil fields, by 1901? half the engines had been 
converted to uso liquid fuel, and with such success that tho remainder 
have boon adaptod to uso the native fuel. 

- Thero is the question of possible augmentation of supplies 
through the discovery of now fields »nd further development of 
existing ones. It will bo seen that a considerable incroaso of output 
has. taken place in tho last few years, mainly through the oil fields 
of Mexico, California, and the Maikop field in Bussia. It is impos¬ 
sible to prognosticate as to futuro developments; time alone will 
show whether supplies from such sources will more than counter¬ 
balance a cortaiu decrease in output from older fields. 

In a roport on tho industry at Batoum (1908), it was stated that 
the outlook was unsatisfactory and that the wells were showing signs 
of exhaustion, and “unless now territory is discovered, it is the 
general opinion that tho wells of Baku will only bo abio to provido for 
homo consumption." An official Iteport on tho United States (1911) 
states that if tho present rato of output is maintained it is probable 
that the oldor fields would bocomo exhausted in 90 yoars, but if 
estimated on tho average incroaso in rato of output being maintained 
in 35 yoars. 

As far as tho general uso of oil as fuol is concerned, tho position 
has been statod succinctly by Sir Boverton Kcdwood in Ids contribu¬ 
tion to tho Natural Sourcos of Energy Boport to tho Britisli Seionoe 
Guild, as follows—“ It is ovident that evon if tho available deposits 
wore far larger than there is reason to behove them to bo, tho cost 
of doubling the present output would bo groat. In those circum¬ 
stances it is not probable that there can bo any general substitution 
of petroleum for coal as a sourco of power, although there is un¬ 
doubtedly opportunity for making provision for a larger uso of 
liquid fuel for cortain soloctod purposes in which its advautagos are 
oonspiouous, ospocially in ships of war.” 

Tho quostion is ono of conBidorablo moment in tho presont position 
as regards powor production, with the rapid development which has 
already taken place in the introduction of Dioscl-typo engines, and 
tho undoubted still more rapid introduction of this form of power 
production in the noxt fow yoars. This development is certainly not 
likely to bo less rapid in the great oil-producing countries, notably 
America, so that tho home demand for suitable oil's may becomo so 
great that exportation to other countries will bo checked, and a 
consequent rise in prico result. 

Great fluotuatimia in supplies and prices of liquid fuel havo arisen 
in tho past; the possibilities of interference with transport either 
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through a series ol accidental causes, as was tho ease recently when 
it was almost impossible to obtain fuel oil in tins country outsido- 
existing contracts, or in thd event of war, must always place an 
imported fuel at a serious disadvantage with a native fuol. llocog- 
nizing all tho great advantages which it possesses, advantages which 
in spite of possible uncertainty of adequate supplies, are bound to 
lead to its far greater employment in the futuro, it becomes necessary 
to oonsider what sources of such fuel are open in this country. 

Shale oil has been shown to be almost identical in character to 
the natural petroloum oils, and tho heavier distillates are amongst tho 
finest fuel oils. Some 3,000,000 tons of shalo are retorted annually 
in this country, yielding approximately 200,000 tons of oil, of which 
a portion only is available for heavy fuol purposes. In 1010 tho 
shale oil fraction suitable for fuel amountod to about 150,000 tons, so 
that supplies from this source aro very small in comparison even 
with tho present demand, bargo quantities of shalo oil will bocomo 
available in New South Wales and New Zealand when tho deposits 
thero are workod on an oxtonsive scale. 

Tho tars obtained from coal gas and coke oven plants aro cer¬ 
tainly tlie most promising source of supply indigenous to Great 
Britain, and with tho latest Diesel engines capable of utilizing heavy 
tar oils directly a very extended use of such products must follow in 
all countrios where oil is not the native fuel. 

It is difficult to compute tho annual production of tar from theso 
two sources: about lf>,000,000 tong of coal are carbonized annually 
in the gasworks, and about the same quantity in coke oven plant, but 
in about half tho latter no tar recovery is made. Assuming tho tar 
is available from 25,000,000 tons of coal, and that tho tar, free from 
water and light oils, which would bo probably the only form in which 
it would be available generally as a fuel oil, amounted to 110 lbs. per 
ton, tho available tar would amount annually to 1,250,000 tons. In 
a Diesol engine tho consumption of tar per B IIP. generally lias 
been about 0 5 lb., so that, although proportionately to tho total 
coal consumed for power purposes, tho amount is small, yot it 
indicates sufficiently that coal tar must lie considered seriously as 
a very important source of power in internal combustion engines in 
the future. 

Crude tar also has been employed vory successfully with atomisers 
for steam raising, and the following results have been supplied by 
Ifr S. Field. 
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Tests on Field'-Kirby Crude Tab and Oil Burner, with a 
Lancashire Boiler 28' * T (for one hour). 

Te»t No. 1. Test No. a. 


Total water evaporated. 

32800 lbs. 

27980 lbs. 

Total tar consumed. 

284-5 „ 

2530 „ 

Actual evaporation of wator per lb. of 
fuel . 

11-52 „ 

1106 „ 

Evaporation per lb. of fuol from and 
at 212“ F. 

12-91 „ 

12-70 „ 

Averago stoam pressure per sq. inch 

30-0 „ 

300 „ 

Corresponding temperature to the steam 
prossurc. 

274° F. 

274“ F. 

Averago temporature of the food-water 

114° F. 

87° F. 


Crudo tar (not containing any quantity of free carbon and fairly 
free from wator) has proved a success for stoam-raising, retort¬ 
heating, etc., hut a vory rnatorial change has taken place in the 
position of tar as a fuel sinco about the year 1909, when a marked 
advanco in price sot in. Several causes contributed to this, notably 
the increased use of tar for road spraying, the increased value of pitch, 
used for briquetting coal, and the good prices obtained for creosote 
oils. Tho following list indicates this advance in wholesale prices:— 


January, 1909 January, 191J. 

Tar. 10/9-14/9 28/0-33/'. 

Pitch. 18/0-19,0 44/0-50/- 


Benzol (benzene) 90% . -/G- -/8 1/01 

The natural effect of thoso rises has boon shown by the practical 
discontinuance of the uso of tar as fuel at gasworks and on the Great 
Eastern Railway, where at one time a large number of locomotives 
wore running wholly or partly on this fuel. 

Thoro is a good demand for tar which has boon dehydrated and 
fromwhioh the valuable light oils have been removod, for tar-spraying 
roadp. This treatod tar sells at 3Jd. per gallon (Loudon), and its 
specific gravity being about 1*3, this is equivalent (o a price of 54a. 
a ton. The writer is informed by a large producor that it is im¬ 
probable that contracts for tar for fuel purposes would be entered 
into for tar of any other character, which is indeed the safest and 
most suitable for such a purpose. Clearly it cannot pay to consume 
suoh tar for steam-raising or other heating purposes. If used in 
internal combustion engines tar at this price compares very favourably 
with coal under hoilers, but it wilt be seen that it offers no advantage 
as compared with imported fuel oils, until a price of about £3 a ton is 
reaohed for the latter. Crude tar (if procurable) at its present market 
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value is certainly a cheap* and useful fuel in suoh engines. The 
installation of Diesel engines suited to tar oils ancl adaptable for these 
or natural oils, would certaftily seem a wise proceeding, as it would 
place the usor in a more independent position as regards supplies. 

C 

The important position winch the petrol motor has attained both 
for commercial and pleasure purposes, a position which is increasing 
daily in importance, venders a consideration of tho economic aspect 
of the supply of suitable fuel ossontiul, Tho question already has 
received tho attention of the Motor Cniou of (ireat Britain and 
Ireland, who in 190(1, because of the “recent alarming rise in the 
price of petrol," appointed a Committee to consider possible supplies, 
and tho Report of this Committoo has been referred to already in 
several places. Tho matter also has been discussed widely in tho 
technical press, in view of the still more alarming rise since that time. 

The enormous increaso in the quantity of petrol iinportod into 
Great Britain is shown in Table XXXYI1I., which Mr. Alexander 
Duckham has kindly furnished in order to bring the information ho 
laid before tho Committee up to date. That this increase has ex¬ 
ceeded far and away the rise in tho production of crude oil through¬ 
out the world will be clear from the diagram (Fig. 30). 


TAHLK XXXVIII. 

Punior-rcM Knurr impohti i> ivio tub I'nitfo Kini.uov. 

(In Imptnal tiulUnis.) 

(.’utiiilrjr. lflu*. I Hi:'. 1910. I'll. 1913. 


Baited States . . 0,007,01*0 

Dutch Possession*! .,•( 
in Indian .Seas . I " ’ ’ 

Netherlands 1 * * 4 . . 1,103,100 1 

Roum&nia . . . 0,S2d,3U7 ( 

Other t oreign li 4 non leg* 
Countries. . I i ' ; 

From British Pos-i 
sessions . . .1; I 


15,000,1118 20,721,160 ' 

28.08H.821 26,607,818 ' 

986,095 : 3,3(50,007 | 
4,711,970 : 3,044,125 ■ 


3 , 009,205 


2,029,09>f*j 


112 


22,442,710 10,381,197 
18,<187,074 ' 32,326,185 

4,1(50,903 ' 4,088,582 
4,.*502,282 i 4,171,199 

8,901,080 * 0,245,080 
9,371,528' 10,378,300 


Total. . . 


41,1:07,995 | 51,923,281 j 55.293,158 


07,932,248 ; 79,590,155 


1 Derived from Dutch possessions and redistilled iu the Netherlands 

* Russia increase?from 321,090 to 4,018,790. 

* Principally from Russia and Mexico. 

4 Practically all from Russia. 

* Principally from India and Straits Settlements. 

In 1913 importation bad risen to 100,858,017gallons; in 1914 to 119,222,828 
gallons. 
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It is evident that although there has been a great increase in the 
petroleum production, the demand for petrol in this country has far 
outstripped this increase. When it is considered that the increase in 
the production of oil must cease; that no augmentation of supply is 
taking place through present natural production; that the develop¬ 
ment of tho petrol engine in oil-producing countries leads to big 
demands for home-produced petrol, it is'evident that alternative fuels 
must bo considered, unless the use of such engines is to bo hampered 
seriously, with a corresponding check to a big branch of engineering. 

The alternatives appear to Ijo— 

1. Tho use of petrol boiling over a wider range, or mixtures of 

petrol with a certain proportion of illuminating oils. 

2. The economic production of light oils by the “ cracking ” of 

heavier oils. 

3. The ontire use of other fuels, such as benzol and alcohol. 

1. The uso of mixtures of potrol and fuels from other sources. 



Fid. to.— Diagram of production of crude oil ami BritMi import of petrol. 


It is impossible to" consider here the complicated problem of the 
financial considerations which must govern ultimately the price of 
petrol, which at the most doos not average more than 10 per cent, of 
the crude oil, leaving a market to be found for tho other 90 per cent., 
hut the general introduction of heavier grades, thus greatly increasing 
the proportion of the crude oil available, and the increasing use, which 
is certain, of a considerable proportion of the higher boiling oils in 
internal combustion engines, are factors contributing to a better supply 
and agjiust advances in price. 

The use of benzol and alcohol as alternative fuels is of great im¬ 
portance. The former is a home product and, as shown previously, 
eminently suitable f?r use in petrol motors. The latter, id though its 
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production on a large scale in this country is unlikely to enter into 
serions competition with the production in many of our Colonies, 
may be regarded in any cate as a possible fuel of entirely British 
production and available to almost any oxtent. 

According to the evidence before the Fuel Committee, the pro¬ 
duction of benzol (about 1906) was from 4 to 5 million gallons; the 
production could possibly be increased to 8-10 million gallons in a 
reasonable period, but with a much larger proportion of coal coked 
in by-product recovery plant (say 20 million tons por annum), it 
would l)e possiblo to produce from 25 to 30 million gallons. 

According to Mr. J. A. Butterfield (and the figures have been 
confirmed for London tar by Mr. K. Field) the yield of benzol from 
the tar alone is only equal to about 0 2 gal. por ton of coal carbonized. 
On a basis of 0'25 gal. throughout the country and with 15 million 
tons of coal carbonized annually in gas works, the total output from 
this source is under 4 million gnllons. By suitable treatment of thogas 
the yield of spirit suitable for motors might bo increased to some 2'5 
to 3 gals, per ton ; but the gas would l>o so impoverished in illuminat¬ 
ing value as to fall below the legal requirements. This treatment is, 
however, carried out with coko oven plant, and assuming that 8'5 
million tons of coal are coked in recovery plant the yield of spirit 
from this source is between 20 25 million gallons. According to 
results from German coke oven practico from 3 to 3-5 gallons of 65 per 
cent, bonzol are recovered per ton of coal. 

Even with due allowance for t ho higher efficiency of benzol in 
the engine, the total output of benzol is well below half the petrol 
imports. Benzol is, moreovor, employed largely in many important 
industries, especially for the production of coal tnr colours, for clean¬ 
ing purposes, for cortain kinds of varnish, etc., and large quantities 
are exportod for these purposes. The competition for benzol, if its 
use extended groatly for power purposes, would become keen, and 
the price has markedly increased in recent years without any appreci¬ 
able competition for engine use. Whilst berftol is, even at present 
prices, a valuable substitute for petrol, and has been used with so 
much success, it has been only by a very small proportion of 
motorists. Given a greatly extended demand for this purpose, it 
does not appear that, together with demands for other purposes, the 
output is sufficient to maintain a price greatly below that of petrol. 
It may, however, Veoorno an important factor in preventing a further 
great increment in the price of petrol. 

Whilst benzol alono can be regarded only as a useful auxiliary 
supply of motor fuel, by reason of these econonvc considerations, 
its use iq admixture with alcohol is likely to be of great importance. 
It has been shown already that alcohol is a fuql of proved value for 



182 


LIQUID FUEL 

t 

internal combustion engines, but for the best results to be obtained 
these engines have to be built heavier to run at the high compres¬ 
sions necessary for the best efficiency, aid generally are constructed 
to run at about one-fourth the speed of a petrol engino. A mixture 
of.henzol and alcohol is more suited to the lighter engines and higher 
speeds. 

For alcohol to become a practical fuel in this country the relaxa¬ 
tion of many of the restrictions imposed at present will be neoes- 
sary; but this is a fiscal question fairly bristling with difficulties. 
Further, some moans of preventing the comparatively ready removal 
of alcohol from a benzol-alcohol mixture will have to be devised. 

Tho advantages of a fuel derived from home-grown products, or 
possibly from raw materials produced at a lower rate in the Colonies, 
are apparont. Its adoption certainly would give encouragement to 
agriculture; it would provide a national weapon to fight artificial 
(or economic) shortage of other fuel for internal combustion engines ; 
indirectly it would oncourage the further development of a big and 
growing branch of engineering, the success of which is impossible 
without an assured supply of fuel at a reasonable cost. From every 
point of view it would appoar that tho claims of alcohol as a fuel are 
now so insistent that they can hardly be ignored. 

Cracked Oils. By subjecting the heavier hydrocarbon oils to 
moderately high temperatures, liquid products aro obtained which 
consist of a complox mixture of hydrocarbons of the different serios, 
having lower boiling points ami densities than the original, so that a 
higher yield of spirit suitable for motors is obtained. In general the 
" cracking " process is carried out under pressure. A high propor¬ 
tion of unsaturated hydrocarbons is formed, and has to lie removed 
by sulphuric acid washing. To reduco the quantity of unsaturatod 
hydrocarbons, “ hydrogenation ” (tho addition of hydrogen to convert 
them into saturated) is a feature of many processes, a catalyst, such 
as nickel or iron, Iwing employed, tho hydrogen being derived from 
water or steam forced through with the oil or oil vapours. 

Crude cracked spirit is yellow and the colour darkens on standing; 
it has n characteristic odour. The di-olefinos present cause tho for¬ 
mation on storage of a viscous yellow liquid, but sparingly soluble in 
tho spirit. Sulphuric acid treatment does not entirely prevent the 
further formation of this “ gummy ” product, or the development of 
colour and odour. Sunlight is an active agent jn producing the 
change, and cracked spirit would appear to require early use after 
manufacture. 

The reader is. referred to the very comprehensive paper on the 
"Pyrogenesis of Hydrocarbons” by Lomax, Dunstan and Thole 
{Jour. Inst, of Petroleum Technologists, 1916, III. 86). 
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COAFj GAS AND COKE-OVEN gas 

Introduction.'—The important position which gaseous fuel las occupied 
for several years past is sufficient proof of its value from the com¬ 
mercial aspect as a boating agent, and as an economical method of 
obtaining power at a cheap rate ; moreover, it is an important factor 
in the question of the abolition of smoko. It is highly probable that, 
with the devolopmont of the recent inventions involving the succobbIuI 
application of “ surface combustion,” its possibilities in both those 
respects will bo considerably amplified. It is not only from a com¬ 
mercially economical point of view that gasoous fuel is of import¬ 
ance ; it has played and will play an important part in consorving 
tho natural fuel supplies of Great Britain. 

This is not achieved solely by obtaining a tatter thermal efficionoy 
from a given weight of fuel by suitable methods of gasification, but 
also by rendering available as fuols millions of tons of coal of such 
low grade that it is impossible to employ it economically by other 
methods. Further, by gasification largo quantities of other materials 
—peat, waste wood, indeod, almost any carbonacoous material may 
be utilized—so leading to the prolongation of the period over which 
the more valuable coal will bo available. 

Enormous quantities of gaseous fuols of low thermal valuo are 
evolved daily during the reactions in tho ordinary blast furnaco used 
in the production pi iron. For a long period the only use made of 
these was for heating tbe hot blast stoves and raising steam in 
boilers for the general operation of the plant. As will be, shown 
later, these blast furnace gases are employed far more profitably in 
suitable gas engines, and since the amount obtained per ton of metal 
exceeds ail direct and indirect demands for thg actual production of 
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the metal, systematic use is now made o\ this surplus for the genera¬ 
tion of oloctrio power for distribution Here, again, gaseous fuel 
affords great possibilities for economizing in the use of other natural 
fuels. 

, To tho simplo methods of gasification may be traced directly the 
success of many metallurgical operations, such as the open-hearth 
steel procoss; the reduction in fuel consumption for other important 
processes, such as tho distillation of coal; and its application as coal 
gas'or pressuro- and suction-gas for powor purposos has led to big 
commercial dovolopmonts. Its influence extends outsido these limits, 
for tho amount of ammonium Bulphate produced with recovery plants 
is an important consideration in the question of the food production 
of theso islands. 

Classification.—Two main classes of gaseous fuels are recognized, 
leaving out of consideration " natural gas,” which is of no importance 
in this country; first, thoso derived by the destructive distillation of 
coal and, to a small extent, oil; second, thoso obtained primarily by 
tho action of steam, air or air and steam on carbonaceous substances. 
The formor fuels aro of much higher calorific value than the latter, 
and a method of classification on calorific value may ho adoptod. 
The following system of classification is a convenient one, and in 
tho subsoquont pages the difforont gaseous fuels will be considered. 
The nuudxirs refer to tho composition and other data givon in 
Tablo XXXIX. 


Cl.lSSll'ICATlOS 01' Gaskocs FcKI.B. 


Oases of hitfh calorific valuo. 

.... i 

Gases of low calorific value. 

i 

Natuial gas. Oases derivod from 

Gas from 

Gases produced 

tbo destructive dis¬ 

steam on 

by tbo action 

tillation of coni. 

carbon. 

of steam and 

1 

i i 

Coal gas. . Coke oven gas. 

HuM gas. 

air, orai ralono 
on carbon. 

(>) ' <o 

(->> 

i 


Semi-mitcr gases. I'loihuW'gas Hlast 

j ’ (Siemoin gas, /unmet 

' air-cokcgas), gas. 

_1 (6) (7) 


Prom bituminous 
fuels. 


With ammonia * 
recovery. 

(3) 


From nou-bitumj- 
nous fuels (coke, 
authracitc). 

( 5 ) 


Non-recovery 

gases. 

W 
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Natural Gab 

The onormous quantities of gas obtained in oil-producing regions, 
notably those of America, are of considerable local importance. It 

difficult to estimate the actual output, but in the West Virginia 
Oil Fields, 1300 million cub. ft. are stated to be evolvotj daily, one 
million cubic feet being actually utilised. The gas marketed in the 
United States in one year has been estimated at about 172,000 million 
cub. ft. Its heating value was approximately equal to 40 por cent, of 
the crude oil output, or to 8'5 million tons of coal. 

Natural gas is found also in Canada, principally Ontario. The 
value of the Canadian output in 1908 was over £200,000. 

Natural gas was obtained near Hamburg in 1910, and the boring 
was still yielding 20 million cub. ft. per day in 1911. Very groat 
interest was arousod in England somo few yoars ago by a boring at 
Hoathfiold, Sussox, which at a depth of 400 feet tapped gas from the 
Kimmoridge Bhalo at 200 ib 3 . pressure. The output of the deepest 
boring was considerable and about 1000 cub. ft. por day was em¬ 
ployed for heating purposes and for lighting the railway station. A 
barrel Qr two of oil also was obtained daily. 

Composition and Calorific Value.—Those vary over wide limits 
not only in different localities, hut also from the same boring at 
different periods. The. percentage of saturated hydrocarbons, princi¬ 
pally methane (CH 4 ), is always high; in a large number of cases 
over 90 per cent. Hydrogen is presont usually to the extent of 1 to 
2 por cont., though in some few cases the amount has exceeded 20 per 
cont. Tho other combustible gases present in small amounts are 
ethane, unsaturntod hydrocarbons and carbon monoxido. 

Owing to tho high calorific valuo of tho saturated hydrocarbons 
and tho small percentage of qon-combustiblo gases present, natural gas 
has a correspondingly high thormal value. Tho following analyses 
may be taken as typical, the calorific values being calculated 



Flttaburg. 

Ohio. 

Hcathflcld. 

Methano .... 

. . 72-2 

92-8 ■ 

9316 

Ethane .... 



2-94 

Hydrogen .... 

. . 200 

19 


Ethylene .... 

. . 07 

0-2 


Carbon monoxide . 

. . 10 

m 

10 

Nitrogen, etc. . . 

. . 61 

4-5 

2-9 

ftTh.U. fwrrub. ft 

At 0° C. and ?Strain. 

Gross .... 

. . 851 

999 

1050 

Net . . . . 

. . 761 

847 

•^41 
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After gas has been evolved for some time its character is found to 
have changed, higher proportions of paraffin hydrocarbons of higher 
molecular weight being obtained. Such gas on compression yiolds 
a considerable quantity of liquid hydrocarbons; the lower boiling 
members are being distributed for industrial purposes in the usual 
steel gas cylinders; higher boiling members going to augment the 
output of petrol. 

The gas in the West Virginia Oil Field is stated to have a calorific 
value of 1135 B.Tli.U. per cubic foot. After compression, whoroby 
some of the minor constituents are condensed, tho value is about 
900 B.Th.U. 


CoAr, Gas 

The use of coal gas was confined for the greater part of a 
century to purposes of illumination; the development of tho gas 
engine and its great increase in thermal efficiency subsequently 
rendered coal gas an important power-producing fuel, and with its 
extended use for domestic heating purposes, and still more rocontly, 
with cheaper rates and highly efficient methods of combustion, it has 
become an important fuol in many manufacturing operations, such as 
metal melting, annealing, etc., all contributing to the further and 
extended use of this efficient and convenient form of gaseous 
fuel. 

The main important features which contribute to the successful 
commercial application of coal gas are—the constancy of supply of 
fuel of very uniform composition, available at any moment, the avoid¬ 
ance of all stand-by costs, the high thermal valuo and high ollicionoy 
which can be obtained in engines or suitable furnaces, and in most 
cases in industrial centres the comparatively low cost per thousand 
cubic foet. Naturally costs vary over very wide limits, and tho 
question as to whether coal gas is the most economical fuel must 
depend largely upon costs and quantity eonsumBd, hut this important 
quostion must be discussed later. It may ho mentioned that in 
Sheffield and in one or two other towns coal gas for industrial 
purposes costs from 1/- to 1/3 per thousand, and in most largo 
towns special rates enable it to be supplied at from 1/0 to 1/9. 
The extended use of coal gas, other than for illumination, has had 
an important influegc^ on the “ load factor ” at many works; it is 
not unusual to have a day demand of nearly 50 per cent, of the night 
consumption. • 

W.B. Davidson (J. S. C. 1. 1909,1283) gives the lowing ligures 
illustrating the annual production of coal gas and its by-produots in 
the United Kingdom :— 
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Coal carbonized. 16,000,000 tons 

Oil used for carliuretted water gas . 60,000,000 gallons 1 

Gas sold.1 190,000,000,000 cub. ft. 

Coke, breeze, etc., sold. 8,000,000 tons 

. Tar (eoal and earlmrotted water gas). 900,000 „ 

Coal gas is considered here entirelyas a commercial fuel (or power 
purposes and industrial heating. Its use for illuminating purposes is 
cldarly outside the scope ol the work; neither is it proposed to deal 
with the question of its use for domestic heating, etc. Tho reader 
may bo referral to the excellent reports of the Gas Heating Research 
Committee of tho Instituto of Gas Engineers (.7. Gas Lt'j. 1909,106, 
821; 1910,110, 810; 1911,114, 840). 

Production of Coal Gas.—Space does not permit and neither is it 
necessary to enter into tho qitostion of the manufacture of coal gas, 
since such information is already fully dealt with in many excellent 
treatises devoted entirely to tho subject. From tho consumer's point 
of view coal gas may bo takon as a “ roady mado ” fuel, and only 
brief reference to some considerations of production as affocting the 
character of tho products is required. 

By the destructive distillation of gas coal at high temperatures 
the following yield of products may bo taken as an average 

1 ton coal. 


Coal gns Tar Ammonia liquor 

1U,{XX) cub. ft. It galls. 177 lbs. 

18 per cent. \ (0 per cent.) (8 per oont.) 

by weight / 

Only within recont years have important changes been mado in the 
manufacture of coal gas; under tho older system, still most generally 
employod, the charge of coal of some 10 to 12 cwt. was always 
distilled in a comparatively shallow layer; tho first improvement was 
the introduction of producer gasos for hoating tho retorts, followed 
later by the employment of tho regenerative system, whereby very 
great economies in the fuel required per ton of coal distilled are obtained, 
higher temperatures are possible, and tho gas yield is considerably 
increased. This has a marked offect upon tho quality of tho gas and 
tho products. Tho hydrocarbons in the gas suffer decomposition 
with deposition of carbon, yielding a correspondingly larger volume of 
hydrogon, which, being non-luminous, leads to a decrease in illumi¬ 
nating power. Naphthalene is formed in such quantities that the 
tor is semi-soliu; containing much free carbon (see p. 118), and great 

1 11 per coat, of the gas made is carburotted water gas; 


! 

Coke 
1570 lbs. 
(08 per cent.) 
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trouble ia sometimes experienced through stoppage in the distribution 
pipes. 

Within recent years a great advance has boon made by the intro¬ 
duction of distillation in larger bulk, either in the old D-shaped 
retorts filled as full as possiblo, or in inelinod or vertical retorts, 
which are nearly full and in some forms continuous in action, or in 
large chamber retorts akin to the coke-oven retorts. These improve¬ 
ments have led to great freedom from naphthalene, to the production 
of a thin tar containing less free carbon and suited for use in Diesel 
engines, to an improvement in tho quality of tho coke, to a greater 
yield of ammonia, and to reduction of carbonizing and operating costs. 
The make of gas lias increased per ton of coal carbonized, but 
authorities differ as to the cause of Ibis. According to Lowes, tho 
earlier portions of the gas are rich in hydrocarbons; it is only tho 
later portions which undergo great breuking-down of hydrocarbons 
through their passage over highly iieatod coke, this degradation 
loading to a higher gas yield. 

As would lio expected with the constant change in tho tomperature 
conditions existing in the retorts during distillation, leading to 
gradually increasing masses of coke at high tomporaturo, contact 
with which tends to destroy the hydrocarbons, tho gas issuing from 
the retorts at different stages of carbonization varies greatly; the 
earlier portions are rich in hydrocarbons and havo high illuminating 
value, the latter portions are poor in hydrocarhpns, rich in hydrogen, 
and of low illuminating value. 

Since tho retorts in a bench aro always at different stages of 
carbonization, the mixture is fairly uniform ovon before reaching tho 
holder, where of course by currents and diffusion it liecomes quite 
uniform. In Home modern forms of continuous plant, r//., the 
Glover-West retorts, tho gas is fairly uniform throughout distillation. 

As already mentioned, the make of coal gas frequently is aug¬ 
mented largely by tho addition of carburotted water gas, tho pro¬ 
duction of which will bo referred to later (p. 221)* 

Composition of Coal das.- The following analyses of gas obtained 
by the older system of high temperature carbonization of small 
charges, still employed for by far tho larger proportion of gas made, 
and of samples from the Glover-West continuous system of carboni¬ 
sation may be taken as representing fairly the composition of coal 
gas by either general System 
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■ Composition op Coal Gas. 



•Carbonixttlon In 
Miutll bulk. 

Continuous ijsUm. 


(Mean of 9.) 

(Mian of 6.) 

Ilydrogen . 

. 44-8 

53-2 

Methane. 

. 34-5 

31-2 

Unsaturated hydrocarbons . 

.“ 4-5 

2-8 

Carbon monoxide .... 

. 7-8 

7-9 

Carbon dioxide. 

. 0-2 

1-4 

Nitrogen, oxygen, etc. . . 

. 8-2 

3'5 


Eliminating the nitrogen and oxygen, which vary widely in coal 
gas, duo principally to the degree of auction on the system whereby 
more or loss air is drawn in through cracks, joints, etc., it will be 
found that the hydrogen is about 7 por cent, higher, and tho inothane 
6 por cent, lower in the modern gas as compared with tho older 
typo gas. 

The constituent gases may bo divided into (it) heating and illumi¬ 
nating; (4) diluting; and (r) impurities. Tho former iueludes the 
hydrogen, hydrocarbons and carbon monoxide. To unsaturatod 
hydrocarbons—ethylono, propylene, etc., and to benzene vapour the 
illuminating power is ascribed principally. As tho hydrocarbons 
have a much higher calorific value per cubic foot than hydrogen, and 
since tho lattor gonoililly is credited with increasing tho liability to 
pre-ignition in a gas engine cylinder, it would appear at first sight 
that coal gas with a relatively high content of hydrogen is not so 
suitable for power purposes as one with fairly high methane. In 
actual practice the difference in composition between the gas made 
by tho old and modern systems of carbonization is not sufficiently 
great to be of importance, for in tho actual charge of mixture drawn 
into tho cylinder there will be from eight to nine-volumes of air to one 
volume of gas, and tho percentage composition of tho mixture will not 
differ appreciably iij trim two cases. 

Tho principal diluent gases are nitrogen, oxygen and carbon 
dioxide, though tho latter may bo regarded also ay an impurity, since 
it is generally desirable to freo tho gas from it as far as possible. 
The impuritios in crude gas are numerous, but as sent out after 
proper purification, carbon dioxide and organic sulphur compounds 
are tho only ones of practical importance. The former will be 
present in very small amounts, insufficient to affect tho quality; the 
lattei;however are of importance, and a legal limit is assigned to the 
amount of su^jjnir. Anything above traces of 'sulphur compounds 
may tend to induce corrosion through the acid products formed on 
oombustion, especially when the exhaust gasos cool so that acid water 
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becomes oondensed on the ’metal. In London gas the average 
oontent of sulphur is about 30 grains per 100 cub.‘ft. 

Calorific Value of Coal ’ Gas.— Although for over a century 
illuminating power was the main important factor by which gas 
could be judged, the introduction of ( tho Wolsbaeh mantle and the 
vastly extended uso of gas for power and boating purposes have 
modified greatly the conditions, so that whilst illuminating power 
has still to be considered, the actual candle power required is 
recognized as lower, and reduction allowed in several recent Acts, 
whilst the importance of calorific power has bocomo enhanced, and 
in many cases a standard has boon legally dofinod. There is no 
direct relationship between illuminating power and calorific value, 
so that in time a legal calorific standard will becomo general. 

By the Gas Light and Coke Company’s Act of 1909, the candle 
power was reduced from 1G to 14, with a standard net calorific value 
of 125 calories (498 B.Th.U.) per cub. ft. The calorific value on 
any one day must not fall below 10G-5 calorics (425 B.Th.U.), or on 
an average over any three days in ono week below 112-5 calorios 
(449 B.Th.U.). Prom the regular tests mado in the Metropolis, the 
gas supplied by tho different companies has an average calorific 
valuo (not) lying between 122 to 130 calorios (48G-518 B.Th.U.). 
The gross value averages betwoon 140-150 calories (557-597 B.Th.U.). 


Coke-Oven Gab 

Sinco the method of production is practically identical with 
modern systems of coal-gas manufacture, coke-oven gas approximates 
closely to tho former in composition and calorific valuo. In genoral, 
it contains more diluting gases than coal gas, becauso in most forms 
of coke-oven plant it is more difficult to prevent air leaking into tho 
ovens, but when conditions are at tho-best, this undesirable result is 
avoided, and gas of practically the s_mo composition and calorific 
power is obtained. 

The economic utilization of coko-oven gas is a matter of national 
importance. As already shown in tho section on coke, the use of 
by-product recovery ovons has been almost universal on the Continent, 
and is extending rapidly in this country. Mr. Ernest Bury, before 
the Cleveland Institute-of Engineers, 1911 (see J. (las Lttj., 1911, 
113, 917), stated tHht' whilst in 1898 only 1-5 million tons of coal 
were carbonized in recovery ovens in this country, in 1911 the 
amount had risen tj> 8 million tons—about half the total amount 
carbonized in gasworks. 

* Bet “ Progress in By-product Recovery," O. Ban (J, 8- C.I., 1910,868). 
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With modem systems of recovery'of the valuable by-products, 
ammonium sulphate and benzene principally, and the utilization 
of the regenerative principle in firing -the ovens, very considerable 
quantities of surplus gas are available from a modem coke-oven 
plant. With the possible production of cheaper producer gases made 
from oheap coals unsuitable for coking, in lieu of the coke-oven gas 
itself, as the source of heat, practically* the whole of the gas could 
be jondered available for other purposes. 

Whilst the aim of the coal-gas maker is to get the maximum 
’ percentage of the carbon in the coal into the gas, and of the coke 
maker as much as possible into the coke- -in the one case the coke 
boing the by-product, in the other the gas,—the nature of the pro¬ 
cesses in each case must necessarily overlap. In the older forms 
of coke ovens it was almost impossible to avoid big air intake through 
tho walls, etc., and this, togother with great degradation of tire gas 
by overheating, led to a poor gas of low illuminating and calorific 
value. Only the first portions wore sufficiently rich to ho com¬ 
parable with good coal gas. Owing to tho generally accopted idea 
that high illuminating power is no longer demanded by the conditions 
of the ..modern gas industry, improvements in the construction of 
coko ovens and their working have led to the production of coke- 
oven gas almost identical in composition, illuminating and calorific 
valuo with coal gas producod by hulk distillation. 

It is thereforo eaSily understood that in Gormany 1 and the 
United States coko-oven gas is omployod largely in lieu of, or 
supplementary to, the coal gas directly made for town supply, and 
to a limited extont also in this country. That very great economical 
advantages lio with such an amalgamation of interests in the matter 
of conservation of our limited coal resources is evident, and although 
at prosent considerations of constant and unfailing supply of suitable 
gas from the coko ovens may not be assured,, which is absolutely 
essential if gas producers are to meot their statutory obligations of 
supply, without expensive plant remaining idle to contend with such 
an emergency, wastoful overlapping of this nature is certainly unlikely 
to continue. 

A diagrammatic illustration has been given already (Figs. 1 and 5) 
of the arrangement in by-product recovery plant, with and without 
the use of regenerators. In many instances, with modern systems 
the surplus gas has amounted to 60 per cent, of the total yield, but 
- allowing a consumption of 20 cub. ft. per B.H.f*. hour in a modem 

1 details of the progress in the use of coke-oven gas for town use in 
Germany, the reader is referred to an excellent summar^from the “ Frankfurter 
Zeitung,” in thTV. Qas Ltg 1911, US, 921. Ono million cub. ft. of coke-oven 
gas per day are now supplied from a plant at Middleton to Leeds; regular hourly 
delivery is specified foi and the quality is checked by recording gas oalorimeten. s 
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large gas engine, the following moderate estimate of the power avail¬ 
able is obtained:— 

1 ton of ooal yields 10,500 cub. ft. gas of 500 B.Tli.U. per cub. ft. (art). 


Required for boating ovens. Surplus gas available 

6000 Rib. ft. (17-5 per cent..). 6500 cub. ft. (52 5 per coni 

= 4SOO 1UI.P. per hour). 

Even with only about ono-half of tho total coal carbonization for 
metallurgical coke being carried out in by-product recovery ovens, it 
is evident that a large amount of gas is available for distribution or 
conversion into electrical onergy. In tho North-East coast power 
Scheme conversion into electric powor for distribution in tho district 
is already an important undertaking. 

Tho yield of by-products por ton of coal in South Yorkshire, 
according to Prof. L. T. O’Shoa (J. ,V. <\ /., 1911, 937) is: - Tar, 
5 per cent, (say, 110 lbs. or 10 gallons), from which 2-25-2-5 gallons 
of 00 por cent, benzol is obtained ; ammonium sulphate, 22-35 ll«.; 
gas 10,000-11,500 cub. ft. Payne (Kitfl. d Min. ,/., 1910, 89, 927) 
gives the following yields at Gelsenkirchen, Germany :—Tar, 7-5 por 
cent, (say, 108 lbs. or 15 gallons), from which 3-3-0 gallons of 05 per 
cent, benzol is obtained; ammonium sulphate, 25 lbs. II.G.Column 
(J. tins Lb). , 1908, 102, 353) gives tho following data for a Koppcrs 
plant in South Walos, working a liigh-class coking coal containing 
21-0 per cent, volatile matter on tho dry coal:—Coke, 81-75 per cent.; 
breoze, 1-70 por cent.; tar, 30-5 lbs. per ton (say, 3-33 gallons); 
sulphate, 190 lbs.; gas, 10,000 cub. ft. at 400 B.Tli.U. por cub. ft. 
(gross'). A largo installation of 280 Hoppers ovens in America, 
working on coal containing 30 per cont. volatile matter, yields daily 
3145 tons of coke, 30,000 gallons of tar, 44 tons of sulphate, and 
22 million cub. ft. of gas of 500 B.Tb.U. por cub. ft. 

Great improvements have boon made in tho direct recovery of 
ammonia as sulphate, 1 and tho rocovory of hcftal by washing the 
gas with heavy oils, both of which are important economic factors, 
the ono from its influence on agriculture, tho other as a source of 
benzol for internal combustion engines. 

Composition of Coke-Oven Gas. —A number of analyses of the gas 
are given in Tabic XL, It will be seen that in Borne cases the 
evidence of air-intatVis very app&ront, loading to general dilution 
of tho gas by nitrogen and tho formation of carbon monoxido by the 
action of the air on tho red-hot carbon. In many older forms of 
f 

1 The reader may be referred to /. Goa Ltg., 1911, 113, 917; 110, 807, 
lor description of these. • 
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oven the hydrocarbon gases are broken down by overheating, leading 
to low percentage of unsaturated hydrocarbons and methane, hence 
poorer gas. With the most recent forrfs of ovens, both these causes 
of deterioration of the gas are avoided, and it will be seen that many 
Batnples compare woll with coaj gas from bulk distillation. 


TABLE XL. 


Composition op Coke-Oven Gas. 


Authority. 

•f 
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ti 

.3 

9 
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£ 

1 

to 

w 

9 

CO 

t? 

a 

£ 

b 

9 
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w 

C/J 

3 

W 
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cd 
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Hydrogen. 

80-85 

47-7 

520 

50 3 

51-5 

49-3 

44-4 

43-8 | 

49-1 

Mothano. 

28-21 

26-2 

20-0 

24-0 

28-4 

310 

33-9; 

30 5 i 

33-9 

Umaturated hydrocarbon* 

— ! 

3 0 

10 

3-7 

3-8 

3-8 

3-8! 

8-2 

3-7 

Carbon monoxide . . . 

8-4 

(JO 

5-7 

7-0 

5-0 

6-87 

G"2 

4 0 

6-4 

„ dioxido . . . . ] 
Nitrogen. 

— 

05 

21 

2-8 

1-8 

215 

3-31 

2-3 

2-9 

18-78 

13 (5 

12-6 

10-7' 

9 5 

G-8S 

8-5 

9G 

40 

Calorific value )gross . 

1(57-5 

512 5 

■MIO 

510-0 

585-5 

012-5 

i020 5 

033-5 

040-6 

in B.Th.U. peri 
oub. ft. at GO' 1 F.jnot . . 

302-0 

402-5 

j131-5 

4090 

497-5 

i 

2,10 5 
! 

j532-0 

535-0 

513-5 


In the distillation of largo masses of coal, the penetration of heat 
throughout the mass is slow, and the gases osoaping through cool 
portions of tho mass exhibit nocossarily all the characters of coal 
gas distilled at very low tomperatures. As the mass cokes through, 
the latter portions of tho gas necessarily change their character and 
become vory poor in hydrocarbons, rich in hydrogen, and conse¬ 
quently of lower illuminating and calorific valuo. O. Simmerbach 
(soe abs. J. S. V. / w ,t'J13, 186), in a paper on the Decomposition of 
Coke-Oven Gas, shows that tho hydrocarbons steadily decompose as 
tho tomperaturo increases; at 1000° C. half the methano has decom¬ 
posed, tho hydrogen, which formed 42-6 per cent, before heating, 
rising to 63-7 per cent, at 1000° C. This change is well illustrated 
by tho results of P. Schlicht (Trans. Inst. Gas Eng., 11)07, 259) given 
in Table XLI. 


1 Mean of 8 Continental samples. 

* Gas at Hciuitz, quoted by Mr. Buij. 

» lirackley gas supplied to Little Hutton. 
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TABLE XLI. 

I 

Composition of Cokf-Oven Gas at Different Periods of Carbonization. 
In United Otto Ovens (P. Schlicht). 


Hours aftf*r charging . 

l 

vh 

6 | 8 J 10 J 13 j 

16 

1 •* 

! 

j 2. 

as 

Hydrogen . . . 

25-0 

80*01 04*3 

58 C' 40 9^ 48 o! 47-4’ 

48 9 

51 (I 

Cl 2 

B6-0 

Methano .... 

4G‘J 

42*y. 

30-5! 34 91 32-81 27 4 

250 

23 3 

19 7 

17*7 

Unsaturatod hydro¬ 
carbons . *. . 

} 7-S 

U9 5 8 

5*4 5 0' 4-4! 4 0} 

3 5 

24i 

1*8 

09 

Carbon monoxide . j 

G 4! 

0*3! 5*9 
l 1 

5 9 ( 5 7, G 4 j 7 0 j 

71, 

7-0 

G 5| 

i 

68 

]3.Th.U. per cub. ft. 

805-2 

7MJ-7 Vio u r,7H-u ('>58;i;r>M o.wo-rA’ 

>54*2 551-1 

188 0, 

1 

457-9 


Other results of a similar character am given by A. Short 
(./. 8. C. /., 1907, 808) and J. D. Pemiock (,/. 8. C. /., 1005, 602). 
Both these papors aro worthy of careful study. 

Consideration of thoso figures will show why until quite recently, 
and evon now with tho older forms of ovens, or with modorn 
ovens working on coals of moderate volatilo matter content, it 
hns been necessary to " fractionate ’’ the gas for uso as town gas, 
taking the portions evolvod in tho oarlier distillation for this 
purpose, and utilizing tho later portions of lower value for the 
oven heating. 

* 

The applications of coke-oven gas in practice evidently will be 
identical with thoso of coal gas, although tho application in most 
cases clearly must be limited to certain special operations boeauso 
of local conditions, so that tho considerations relating to coal gas in 
the next section apply equally to coke-oven gas. It is, of course, 
essential that tho latter shall be freed from 4'- and such sulphur 
compounds as may be removed by iron oxide treatment -chiefly 
sulphuretted hydrogen. In Germany tho acceptod standards are 
equivalent to 30 grains of tar and 13 grains of sulphur per 100 
cub. ft. 

One special application, approved by Mr. Bury and already 
adopted in some fqw cases, notably at Krupps’ works, is the ad¬ 
mixture with blast fur race gas for heating steel furnaces, etc. Where 
coke ovens, blast fur laces and steel making are carried out one one 
big system, as is oft»,n the case, tho suggestion is obviously a practical 
one leading to great economy. Mr. Bury calculates the composition 
of suoh a mixture to be— 
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Hydrogen . 

8 roll, of Blast 
furnace gas. 

1 vol. o* coke* 
oven gas. 

. 13-25 

Average 

Producer 

g«- 

9-14 

Mothane. 

. 7-50 

2-3-5 

Unsaturated hydrocarbons . 

. 0-50 

— 

Carbon monoxide . . . . 

. 2%75 

22-Cf. 

Carbon dioxide. 

. 90 

3-6 

Nitrogen . 

. 47-0 

about GO 

B.Th.U. per cub. ft. . . . 

. 20G 

125-175 


Besides the abolition or reduction in number of special producers 
such a gas is freo from steam, which is certainly an advantage in the 
working of regenerators, but it would be liablo to undergo alterations 
in the regenerators through breaking down of hydrocarbon gaseB, 
with deposition of carbon. 

Bury estimates that an economy of from 2s, to 3s. per ton is 
possible in tho production of the steel, and that coke ovens yielding 
400 tons of coke daily would yield sufficient surplus gas, when mixod 
with threo volumes of blast furnace gas, to be equal to a production 
of 1700 tons of steel weekly. 


Coat, Gas fob Power Pubfosf.s 

As the whole question of fuol consumption must ho deferred until 
all tho various fuels have been considered, it is only necessary to 
point out bore that coal gas offers many advantages in the absence 
of spuco for fuol storage, space for boilers or producers, no stand-by 
chargos and constancy of supply, both in quantity and quality. The 
efficiency of tho ga 3 engine has increased from 1G to 37 per cent, in 
a little over a quarter of a century, and at or near full load gives 
frequently 27 to 2d per cent, effective output. Further, tho effici¬ 
ency from engines of moderate size to those of largor sizes is 
practically the same; it iB only with smaller sizes that any marked 
difference is found. 

Aotual consumption in engines of moderate size frequently lies 
between 15 and 17 cub. ft. por B.IT.P. hour, this being about 28 por 
cent, efficionoy with gas of 570 B.Th.U. per cub. ft. net. Taking a 
round cost of Is. 8 d. per 1000, tho B.H.P. cost is 0’32d.; 9000- 
9500 B.Th.O. per B.II.P. hour may be tjken for approximate 
calculations of the gas required. 

Coat. Gas fob Industrial Heading 

Very great advanoos have been mado in the application of coal 
gas for industrial purposes; advances in the construction of the 
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burners and furnaces, and in tho application of gas at high pressures. 
Further advances through the introduction of surface combustion 
have already been made, ai»d groat success may be expoctod from 
this system. The consideration of this important question is how¬ 
ever deferred to a later section. 

Whore coal gas can bo obtained at reasonably low rates it offers 
very groat advantages for a largo number of beating operations. 
These advantagos may bo summarized as— 

1. Constant supply of gas in any quantity always available, the 
gas being of vory uniform composition and calorific value. 

2. Low f9el costs: in the case of melting furnacos tho cost per 
pound of metal gonerally is less than with coko, and tho first heat is 
much more rapid. 

3. No spaco is occupied by fuel stores, producor plant, oto. 

4. Reduction of labour for firing and cost of firing appliances. 

5. Roduced cost of furnaco linings, molting pots, etc,, which have 
a longer life with gas than with solid fuel. 

6. Spilt metal is far more easily recovered in tho caso of a broken 
pot than from a mass of coke and ashes. 

7. Less loss of metal by oxidation, etc. 

8. Great uniformity of temperature attainable for reheating 
furnaces, mulllos, otc. 

Tho success of coal gas for a largo number of purposes has been 
amply demonstrated. In Woolwich Arsenal it has been employod 
for a considerable period for tho thermal treatment of steel, especially 
projectiles, for henting long bars for springs, for axlo hardening, etc. 
In Sheffield, whore gas is suppliod at very cheap rates, several 
hundred furnaces are employed, tho consumption per furnace 
ranging from 20 to 5000 cub. ft. per hour. It finds application in 
practically all tho metal trades, for molting, annealing, drying foundry 
cores, etc., and is of special service in tho heat treatment of modern 
tool steels. Its recent introduction for bullion melting at tho Royal 
Mint in place of coke, after all systems of firing tor this purpose had 
been carefully investigated, has been a striking success. 

At the Mint 16 gas-fired furnacos, each capablo of taking a 400 lb. 
crucible, are installed, the burners being of tho Brayshaw pattern 
(pressure air). The maximum capacity of these 16 furnacos is 2) 
toDS of silver, or 2i tons of bronze per melt, and four melts of Bilver 
or three of bronze <jjm Ire made in the working day. Four gas-fired 
furnaces were installe 1 in May, 1010, for melting gold, and by tho 
end of that year 28.'^ tons of standard gold were melted. L.^one 
operation over 257,C JO ozs. of gold wore melted in the tour furnaces; 
the time from lighting up was 27 hours 40 minutes, and the gas 
consumption 32,000 cub. ft. The cost of melting 1 cwt. of standard. 
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gold by gas is 4 \4 .; with daily warming* up 5 d .; the former cost for 
coke was 7 d. per cwt. 

Aluminium and its alloys are being) melted very successfully by 
gas in Birmingham. It is claimed that the cost of melting is halved 
(as compared with coke), labour costs about halved, oxidation is 
avoidod by keeping a reducing'atmosphere, the tensile strength of 
the metal thus being increased, the amount of metal melted per pot 
is gi;oator, besides other minor advantages. 

Systems of Combustion.—Throe systems are available, all de¬ 
pendent upon obtaining the well-known non-luminous flame by 
admixturo with a certain proportion of air. 

1. Uso of gas at main pressures, with air at ordinary pressures. 

2. Use of gas at main pressures, with air blast under pressure. 

3. Use of gas at high pressures, with air at ordinary pressures. 

Tho former involvos tho uso of burners of the ordinary bunsen or 

atmospheric typo, which are so woll known that description is un¬ 
necessary. Tho general principlo of their action is that tho gas at 
main pressuro, issuing through a jot, draws in suflicient air through 
suitable orilicos to ronder the flarao non-luminous. This is the 
primary air; it is insufficient for complete combustion, and the flame 
requires further air from the free atmosphere around for completing 
the combustion. This is the nmmihiry air. The greater tho ratio of 
the primary air to that theoretically required (about 5-5 times the 
volumo of tho gas) tho smaller the flame and tho more intense the 
combustion; hence tho increased intensity of the blow-pipo flame. 

II. Schmidt, by tho optical pyromoter, estimated the highest 
temperature of tho atmosphoric gas flame to bo 1800° 0. (3720’ F.), 
this occurring at tho outer edge. Mahler estimated the average 
temperature of the coal gas flame as 1950'’ C. (3543° F.). Experi¬ 
ments by tho writor with thermo-junctions of various diameters, so 
that exterpolation may bo made for a couple of infinitely small 
diameter (»>. radiation effect eliminated) obtained tho following 
maxima, always inofhe extremo outer onvelopo, a short distance 
above tho top of tho burner:— 

Bunsen burner. Kern burner. 

Gas per hour, cub. ft. . . 65 6 6 4-3 4-3 4-5 

Batio of primary air to gas. 3-8/1 4-3/1 3-4/1 4/1 5/1 

Maximum temperature, °C. 1720 1770 ^ 1610 1730 1860 

Many successful furnaoes of smaller sixe,^ working with gas at 
maifl*pressure in free air, give excellent results,'d>ut are not so satis¬ 
factory as the other systoms when accurate control of temperature 
is required. Mr, A. W. Onslow, in a valuable paper on the use of 
.high pressure gas at Woolwich Arsenal (J. S. G. /., 1910) 395) says: 

• • t 
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“ Many years of experience in the employment of coal gas for 
heating purposes have led to the conclusion that taking gas from 
the mains and consuming jvith some form of lmnsen burner is 
not only wasteful of gas, but quite incapable of giving anytiiing 
like a constant temperature, or of heating any given kind of oven 
or other apparatus to the same temperature in the same tiino in 
consecutive operations.” 

The use of gas under high pressure generally has been more 
favoured than that of using air under pressure. It has boon claimed 
that the variation in temperature is less with tho former system and 
adjustment i» more easy. Thore is no doubt but that very accurato 
adjustment is possible with pressure gas, but with high-class pressuro 
air burners, where mixing is very perfect, excellent results also are 
obtained. Furthor, rotary compressors are quite capable of-giving 
the requisite pressure to air, but for higher pressures are mechani¬ 
cally inefficient. 

In Mr. Onslow's system at Woolwich, rotary compressors are 
employed for the gaB, any excess gas boyond requirements on tho 
pressure side being by-paasod back to the supply through a weighted 
valve capable of adjustment. IIo takes as a standard pressure for 
maximum temperature (1425’ C; 2G00’ F.) 100 ins. of water, and 
prefers reduction of the gas pressure as a means of controlling the 
temperature, thus—70 ins. for 1100’ C. (2000° F.), and 35 ins. for 
540° C. (1000° F.). This is effected by a reducing tap or governor 
with a pressure gaugo to ensure correct conditions. Pressure gas 
has given highly satisfactory results at Woolwich for a numbor of 
very delicate thermal operations, such as the heat treatment of 
special armour-piercing projectiles. 

A full description of the high-pressure gas laboratory instituted 
by the City of Birmingham Gas Department is givon by Mr. 13. W, 
Smith (J. Gas Ltg., 1911, 114, 884). It was found that when the 
pressure jet played directly into a tube (expansion chamber) incrcaso 
of the gas pressure did not cause a corresponding incrcaso in the air 
injected, which is essential for maintaining a proper ratio. A very 
simple type of burner resulted, tho tube carrying tho jet injocting 
into a cone with an angle of 60’, and the position of tho jet relative 
to tho cone is adjusted easily by a small set-screw. Mr. Smith states 
that the efficiency depends largely on the cubic capacity and design 
of the combustion space; also on tho nature of tho refractory material 
used. '/ 


The supply to consumers is from compressors by tho Worthington 
Pum*. Co., each delivering 60,000 cub. ft. per hour, at a maximum 
pressure of 15 lbs. ’ It is governed down to suit individftal consumers 
to between.7 and 12 lbs. Mr. Smith estimates that where gas has to 
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be compressed at tho factory and there is power available to drive 
the compressors, the outsido cost of compression, including power, 
maintenance and interest on capital, is %1. por 1000 cub. ft. 

The Brayshaw burner, as installed at the Mint, after trials with 
both pressure gas and other pressure air burnors, may be taken as 
ono of tho best typos of this«class of burnor, or more correctly, 
•• mixer.” Tho gas comes from tho main at about 3 ins.' pressure, 
and the air is supplied by rotary blowers at about 2 lbs. pressure. 
Owing to the very olliciont mixing and correct proportioning of the 
mixture, and the use of quadrant taps on tho air and gas supply, tho 
objections existing previously against tho pressure air system no 
longer hold. 

Mr. Brayshaw has kindly had a sectional drawing of the Royal 
Mint burnor prepared, Fig. 31. 

Gas 

at a Pressure nf 2" 

Head of Water or 



at a Preaiare of 
1 or 2 lbs. per tq in. 


Fia. 81.—Brayshaw prossurc gas burner. 


The gas and air supply moot in tho chambor A, and passing 
forward impingo on tho cone B. Tho direction of flow is now com¬ 
pletely changed; tho mixture, already good, passos into the annular 
ring XX; its direction again changes, and it passos into another 
annular space CY, before finally issuing through tho four circular 
holes D into tho end chamber E, where tho currents impingo on each 
othor. Finally, tho perfect mixture burns at tho mouth without 
visible flame. The extensions of tho channels into X and Y, boyond 


the points at which the mixture escapes from each, have been found 
very essential to obtaining the best results, and form an important 
feature of the patent. V * 

I (^addition to gas of high calorific value, sucV as coal gas, burners 
of this pattern have been used successfully for producer gas of under 
ISO B.Th.U. pgr cub. ft. in tho hardening of highspeed steels, brass 
melting, etc. A twin-chambered furnace for high-speed steels is 
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shown in Figs. 32 and 33. • The burner directs the flame on to the 
floor of the lower chamber, where it becomes spread out and com¬ 
bustion perfectly completed. A temperature of 1400° C. (2555° F.) is 
attained. The hot products} of combustion escapo into the upper 
chamber but no flame, so that its temperature is far below that of 
the lower chamber. 



FiO. 32.—Brayshaw gas furnace—general view. 


A valuable paper by L. F. Tooth (J. Ga* Lt //., 1910, 112, 844) 
gives very complete tables of consumption of gas, costs, etc., for 
melting most comVm metals. By adopting regeneration the rise 
to a given temper x e above 1330' O. (2380’ F.) is quickc.,e<J, and 
when the desired 'emperafcure is attained, a much lower gas con¬ 
sumption serves toftnaintain it The following abstract of details of 
brass meltipg well illustrate the advantages overlooks.— 
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Coke firing. • Pressure G*s firing. 

Price of fuel.... llrf. per cwt. Is. llrf. per 1000 oub. ft. 

Metal moiled per day 300 lbs. - 540 lbs. 

Fuol per day.... 2^ cwt. f 1780 cub. ft. 

Cost per cwt. of metal 14s. G d. 8s. 4<f. 

With gas, more metal was fuelled per pot, a greater number of 
molts made in oach pot per day, since the average time of meltB was 
considerably loss, labour costs for firing abolished, and repair charges 
woro loss. , ■ 



Surface Combustion 

| The remarkable developments which already have attended the 
introduction of methods of accelerating the combustion of gaseB and 
vapours, by causing their combustion to take place on the surface of 
refractory materials, are only the first steps in the realization of much 
higher efficiencies from the combustion of gKses than were ever 
thought possible. The new Bystem of surfack combustion has its 
foundation mainly in the work of Prof. W. A. Bone, and numerous 
patents in the joint names of Bone, Wilson I nd MoCourt have 
appeared already. ( 
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The effect of certain surfaces in enormously accelerating combus¬ 
tion has been recognized for nearly a century, siodb Davy'conducted 
his memorable researches, hut with one or two minor exceptions 
remained dormant until Dr. Bone took up the subject. It is now 
established that all solids have the power of inducing or accelerating 
combustion under suitable conditions. By accelerating tho combina¬ 
tion of combustible gases with oxygen very high calorific intensity is 
developed, and since tho surface is in consoqucnco raisod to a very 
high, temperature tho groat radiant energy which tho hot surfaco 
possesses'givos a largo increment of boating effect. 

The simplest form of apparatus in illustration of this principle is 
that whore a flat diaphragm of porous but highly refractory material 
is provided with d shallow chamber at tho back, to which a mixture 
of coal gas with slightly more than tho theoretical amount of air is 
forced under pressure. Combustion takes place on tho Burfaco 
exposed to tho air with such intensity that the refractory material is 
raised to a whito heat. No flarao whatever is visible, and that tho 
air already mixed with the gas is sufficient for complcto combustion 
is proved byimmorsing such a hot diaphragm in carbon dioxide, whon 
no diminution of the action is noted. 

The system is applied to cruciblo and muffle furnace heating^by 
surrounding the crucible or muffio with granulated refractory matorial 
(generally carborundum), and forcing in tho gas-air mixture at 
sufficient pressure to givo velocity great enough to provont back-firing 
in tho explosive mixture. Tho difficulty has teen to find materials 
sufficiently refractory to withstand the high temperatures. Platinum 
and alundum (which is nearly pure alumina) have boon melted, and 
it is possible to maintain easily a constant temperature of lOOQsj C. 
(2732° F.). <ses ^. 

From the industrial point of view the application of tho system to 
steam-raising is probably most important. The efficiency of gas¬ 
firing in ordinary boilors always has been low. With coke-ovon gas 
an efficiency of about 65 per cent, is the nu^mum to bo expected; 
with blast furnace gas from 55-60 per cent. Gas-fired boilors are 
employed largely whore there is plenty of surplus gas and officioncy 
has not to be considered. With tho Bone-McCourt experimental 
boiler an over-all efficiency of 00 per cont. has been attained. 

In its application for this purpose a cylindrical boiler was 
employed, having Ift) cubeB running through below the water level j 
these tubes wore 3 ft. in length, and 3 in. internal diameter, and they 
were packed with tbc broken refractory matorial. At tho gas supply 
end a fireclay plug with a -j-in. bolowas inserted to give the necessary 
gas velocity to prevent back-firing. Combustion ot* the gaseous 
mixture was complete 4 ins. from the inner end of the fireclay plug. 
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The gas supply was at the rate of 100 elib. ft. of gas and 600 cub. ft. 
of air per tube per hour, supplied at c pressure of 17-3 ina- nf water. 
At tho exit tho pressuro was 2 ins .0 

The low tomporature of the exit gases is a remarkable feature; 
, at tho end of tho tubes they are only at 60-70” O. (140—158° F.) 
abovo the temperature of the baling water, and by a small feed-water 
hoator woro reduced to 90 ' C. (203’ 1?.). Evaporation was attained 
at tho high rato of 21-6 lbs. per sq. ft. of heating surface, with a 
fhorinal oflicioncy on the net heating valuo of the gas of 91 per .cent. 
Allowing 1 per cent, for obtaining tho necessary pressuie of the 
gas mixture, tho over-all clticieuey was 90 per cent. ' 

A toiler 10 f t. in diameter, 4 ft. long, and with 110 horizontal 
tubes 3 ins. diainotor, has been installed at the Skinningrove Iron 
Company's Works for nse with coke-oven gas. Tho ovaporative 
capacity is 5500 lbs. per hour at 120 lbs. pressure, and on test an 
evaporation of 20 lbs. per sq. ft. of healing surface was attained. 

Tho supply of tho gas and air at high pressures is one drawback 
to tho system for general use, and Dr. O. E. Lucko has described (see 
Gas Wiirlrf, 1913, 59, 502) various forms of boaters for use with gas 
and ajr at supply pressuro. Tho principle is to feed the mixture 
through heavy metal tutos with a central liolo J- in. in diameter; 
through tho high velocity obtained, and, by reason of tho massive 
walls and each tube being isolated, tho tomporature is kopt low and 
back-firing is provontud. 



Chapter XFi 

G ASET'S FUELS OF LOW CALORIFIC VALUE 

Introduction.—Tho underlying principle in the production of these 
gaseous fuels from solid fuels rich in carbon is tho conversion of tho 
carbon mainly into carbon monoxide, either by tho action of air 
alone, steam alone, in which caso approximately equal volumes of 
carbon monoxido and hydrogen aro obtained, or by a mixture of air 
and stoam. Obviously, tho amount of heat available from a given 
•weight of tho solid fuol is unaffected whothcr the fuel is burnt 
directly on a grato, or is utilizod indirectly by first gasifying and 
then burning the gases. Tho great advantages gaseous fuol un¬ 
doubtedly offers in most cases can arise only from tho bettor tiso, i.t. 
bettor efficiency, which can ho mado of tho heat unitB of the fuol as a 
whole. Gaseous fuel can bo more econonrcal only when the higher 
efficiency attained in the combustion of tho gas more than counter¬ 
balances the inevitable losses in tho producer, gas-cleaning plant, etc, 

In comparison with solid fuel for furnace and general heating 
purposes tho better results witli the gaseous fuel depend on several 
factors. Although the theoretical amount of air for combustion is 
tho samo whether solid fuol is burnt directly on a grato to carbon 
dioxide, or burnt partially in tho producer to carbon monoxide, the 
combustion of this gas being completed finally in tho furnace, prac¬ 
tically a considerable excess of air over that demanded by theory is 
requisite for fuol burnt on a grata, whilst, all totf, as gasoous fuel tho 
amount need barely exceed the theoretical. Whore high intensity 
is required the excess air with solid fuol is often so largo that the 
efficiency is extremely poor. All oxcoss air means great heat losses 
in the flue gases; losses mounting rapidly as higher temperatures of 
the flue gases are reached. The loss of sensiblo heat with gaseous 
fuel burning with % J’aro excess of air, ovon without any recovery, 
obviously will be much less. 

Further, much of this heat may be recovered w tho latter ca&» by 
the regenerative system of firing commonly employed^ It is not a 
very practicable pri/position to work on the regenerativo systom with 
Solid fuel. *Tbe combination of the use of ga^ous fuel with the 



206 GASEOUS FUEL [chap. 

regenerative system of firing alone permits of sufficiently high and 
regular temperatures for many metallurgical operations, as, for 
example, the production of open hoartl^stool. 

However carefully controlled the air supply may be with solid 
fuel, thoro is always some loss from incomplete combustion; with 
bituminous coal tho loss of herft unit* through tarry vapoqrs, etc., in 
tho smoko is inovitnblo; with gaseous fuel used direct (without cool- 
ipg, scrubbing, etc.), thoso heat units are rendered available; and 
absence of smoke is an important factor. i ■ » 

Again, hotter control of the temperature is possible, because of 
the caso of adjustment of the quantity consumed; ^nore uniform 
heating effect over a large surface is attained, and at tho conclusion 
of an oporation tho fuel supply can be shut off immediately. There 
is no firo to burn out. 

Turning to power production, the saving in fuel by the direct use 
of thoso poorer gasoous fuels in engines is often enormous, certainly 
always great as compared with ordinary steam reciprocating engines, 
and still comparing vory favourably with tho best results obtained 
with boilers and largo turbines. Tho efficiency of a wholo steam 
plant,-i.e. over all efficiency of boiler and engine, in good practice 
soldom exceeds 9-10 per cent.; that of a good gas plant (producers 
and engines) oasily attains 20 per cent. This is due largoly to the 
groat increase in officioncy of tho gas engine. According to Mr. D. 
Clark, this increase has been from 10 to 37 per cent. 

Besides direct oconomy in fuol consumption, gaseous fuel permits 
of the employment in largo-sized plants of low grade and conse¬ 
quently cheap fuol, material quite unsuitable for boiler work. The 
introduction of ammonia recovery by Hr. Ludwig Mond further 
has rendered possible the recovery of a high proportion of the fuel 
oosts by tho sale of tho valuable ammonium sulphate. 

In small-sized units the fuol saving is proportionately more marked. 
Smaller steam enginos are notoriously inefficient; the compactness, 
ease of working and (pel economy of the suction gas plant have been 
demonstrated amply by its success for several years past. 

In many cases the advantage gas possesses in She matter of ease 
of distribution from a central generating plant to engines, furnaces, 
evaporators, etc., is sufficiently obvious. 

Nature of Poor Gaseous Fuels.—The fuels used for heating and 
power purposes are principally Producer gas «and " Mixed ” gas. 
Water gas is used to some extent for special heating operations, but 
is employed mainly as an addition to ordinary coal gas after the 
addition of hydrocarbon gases, having their source in higher petroleum 
oil distillates. ' 

The action of ail alone on carbon under producer conditions will 
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• give rise principally to carbon monoxide, diluted with the nitrogen 
originally present with the oxygen in the air. This is true of a 
fuel such as coke, which is^freo from bituminous matter. With a 
bituminous coal, the ordinary products of destructive distillation of the 
coal, i.e. coal gas, tar vapours, etc., will bo present also; one ton of 
coal, for gxamplc, will yield some IF,000 cubic feet of coal gas and 
about 112 lbs. of tar; the gas and tar vapour theroforo will add 
appreciably to the calorific valuo of tho gas produced, which now 
contai ns.m ethane, hydrogen, traces of illuminating hydrocarbons, etc. 

The action of steam alone, as in one phase of operating a water 
gas plant, wi^give rise to about equal volumes of carbon monoxide 
and hydrogen, non-bituminous fuel invariably being employed. Tho 
only diluting gases present should be tlioso producer gases of the 
general composition givon above left in portions of the plant. 

In most cases of producer practice both air and steam are 
employed in the conversion of the solid into the gasoous fuel. Tho 
gases, therefore, partake of tho component products of each reaction, 
the ratio of true producer gas to water gas depending primarily on 
the ratio of air to steam employed. This factor also exorcises other 
important influences on the composition of tho gas produeod, but 
this must be discussed later. These gases are variously termod 
« producer ” gas, which docs not differentiate them sufficiently from 
a simple air-carbon gas; “ Dowson " gas, after Mr. itowson, who has 
done so much in perfecting their production and uso; and “ mixed " 
gas, which indicates more clearly that they are tho result of tho 
joint aotion of air and steam, and will bo omployoil thoreforo through¬ 
out tho subsequent pages. “Semi-water” gas is also employed 
frequently, and sorvos to indicate tho joint reaction. 

It will be clear that, except in the case of water gas itself, each of 
these producer gases must carry a largo volumo of inert non-com¬ 
bustible gas, tho residual nitrogen from tho ai'. The volume of true 
combustible gas present in relation to non-combustihlo is therefore 
low, and to this fact the low calorific valuo ie duo. Tho average 
composition, calorific value, and other data relating to gaseouB fuels 
are shown in Table XXXIX., p. 180. 

Where producer gases have to bo employed in large heating fur¬ 
naces the presence of suspended tar vapour derived from bituminous 
fuel is advantageous, because of the increased calorifio value. Where 
such gases have tq J><f supplied through cocks to burners or used 
in engines, the presence of suspended tar is inadmiBsiblo. The tar 
has to be sacrificed, and ample provision of cleaning plant prodded 
for the gas. Sensible heat in the gases must at t^e same time 
be lost through t^b necessity of cooling and washing the gas. In 
some plants, however, attempts are made to qonvert the tar into 
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permanent gases. Owing to the expense of erecting and operating 
devices for tar removal smaller sized plants more usually are designed 
to work with non-bituminous fuels such_as coke. 


Theory op Pboijuceb Gas Reactions 

* > 

The primary reactions which have to bo considered are those 
resulting from the action of an air blast and steam blast respectively 
on highly heated carbon. Although bituminous fuels are ft plbyed 
largely, these are still the principal gas-forming reactions, the only 
difference being that instead of the rosulting gas being produced 
wholly by the air-carbon and steam-carbon reactions, it is composed 
in part of the destructive distillation gases, accompanied by tarry 
vapours, etc., which have to be removed. The gas is in fact a 
mixture of producer gas and coal gas, where bituminous coal is 
used, and consequently of higher calorific value. 

Air-carbon Reaction.—In ordinary processes of combustion of 
Bolid fuel, owing to tbo comparatively shallow layer of incandescent 
carbon and a relatively high air velocity, carbon dioxide is formed, 
and the greatest number of available boat units obtainable from the 
combustion of tbo fuol is arrived at. Tbo reaction is 

(«) Air Flue Gases 

C + 0 2 -f (nitrogon) = C0 2 -f (nitrogen) 

1 lb. carbon yields 14,6-17 B.Th.U. 

As is woli known to engineers, too great a depth of fuel may 
give rise to the formation of carbon monoxide, with corresponding 
great loss of available heat units. With sufficient depth of highly 
heated carbon in relation to -the air velocity, carbon monoxide alone 
may bo formed, or at least only certain traces of carbon dioxide, 
the reaction being— 

(t) Air Producer 

2C + 0 2 + (nitrogen) = 2CO 4- (nitrogon) 

Here 1 lb. carbon gives 4400 B.Th.U. 

Most recent researches show that the actiqn of oxygen on carbon 
results in the simultaneous formation of carbon* dioxide and carbon 
monoxide, but with a sufficient depth of fuel any carbon dioxide 
reacts with more carbon, producing carbon monoxide, so that for all 
practical purposes the above equation represents the net result in a 
producer. \ 

The thermal efficiency as a gas-making machine will be given 
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14 647 — 4400 • * 

by — - ^ ^ -x 100 = 70 por cent. This is tho efficiency with 


no sensible heat units in the gases produced, and is termed the cold 
gas efficiency. In practice Aio gases leave !he producor at a very 
high temperature, often 800-900’ C. (1470-1G50' F.), so that the hot 
gas efficiency equals the cold gas efficiency plus tho sensible heat of 
the gases. * This may be oqual to 85 or evon 90 por cent. 

The above reaction is exothermic, and tho temperature in a pro- 
ducoi^jlown with air will conlinuo to riso for a given air blast until 
countoruiStisjjcod by losses of sensible beat in tho gasos, in the 
ashes and elfcior, by radiation, etc. A limit is soon reached in 
practice beyond which it is undesirables to go, this being determined 
in goncral by the liability to form clinker from tho ash of tho fuel and 
trouble with tho producer linings. The controlling medium employed 
almost universally to regulate tho temperature is steaiu. 


Steam-carbon Reaction.—Two reactions occur between steam 
and carbon. At low temperatures—about 500 J C. (MU’ F.) the 
aotiou is— 


(«■) C -f2ILO (.-trim) = CO., + t>ir a 


For this reaction 2810 ii.Th.U. must be supplied for each 1 lb. 
carbon. 

At temperatures above about 900' C. (1650" F.), the action is— 


(d) C + 11,0 (iltnm) = CO + II 2 

For this reaction 4320 ll.Th.U. must ho supplied for each l lb. 
carbon. 

Both reactions are markedly endothermic. It follows that if a 
producor bo blown to a high temperature with air, oitlior with tho 
formation of carbon monoxido or a mixture of this gas and carbon 
dioxide, depending upon conditions referred tc ibovo, and then steam 
bo substituted, tbo reaction (d) takes place at first, the temperature 
falls rapidly, and the reaction (r) asserts itself rr^e and more. Whon 
the air and steam blasts are usod independently, as is tho case in 
water-gas practico, a point is soon reached when tho production of 
carbon dioxide is so excessive (this gas being inadmissible in any 
quantity for the principal purposo for which water gas is employed) 
that steam must be cut off and tho producer blown onco more with 
air up to tho proper temperature. Tho process is intermittent, con¬ 
sisting of alternate air " blows ” and steam “ runs.” 

Clearly, by tho simultaneous action of air and steam it will be 
possible to make such a thermal balance between tho^air-carbon 
(exothermic) reactioi^ and tho steam-carbon (endothermic) reaction 
that a constant temnorature, dependent on the relative proportion 
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of air and steam may be maintained? and corresponding with this 
temporature a dofinite composition for the “mixed” gas obtained 
will be attained, depending on the relative parts played by the re¬ 
actions (J), (e) and (il). I 

Steam then affords a praotieal means of controlling the producer 
temperature, of avoiding all, those troubles associated with high 
temperatures, and, moreover, by producing a gas consisting almost 
wholly of two gasos of high thermal value instoad of simple producer 
gas with some 05 per cent, of inert gas (nitrogen), the resulting 
mixed gas is richer and of higher thermal value thrown Its em¬ 
ployment. , 0 ' , 

By making certain arbitrary assumptions, including that of 
thermal perfection, it is possible to calculate the composition, 
thormal value, otc., for the " mixed ” gas theoretically obtained for 
any given air-steam ratio, but such results are inevitably far removed 
from those attained in practice, so that it is not proposed to introduce 
such calculations. 

Reversible Reactions in Producer Practice.—Furthor important 
considerations govern the composition of the resulting gases. In 
the air-carbon reaction, allowing that all the oxygon already has 
entered into some form of combination with carbon, there exists 
simultaneously in the producer hot carbon, carbon dioxide and carbon 
monoxido. Carbon can react with any carbon dioxide with the for¬ 
mation of carbon monoxido; conversoly, under somo conditions the 
reaction may reverse, and carbon monoxide yield carbon and carbon 
dioxide. This is a reversible reaction, and is expressed as— 

C + CO a g 2CO 

Tbo reaction -> is endothermic; the reaction <- is exothermic. 

For a givon temperature, in time an equilibrium between the two 
reactions in either direction will be sot up. At high temperatures 
this equilibrium is attained far more rapidly than at low tempera¬ 
tures. Rliead andLWheeler (Trans. G. S., 1910, 2178) showed that 
at 850° C. (1500° I\) equilibrium was attained in this mixture only 
in 240 hours, whilst at 1000' C. (1830° F.) or aver it was attained 
in 48 hours. Further, they showed that at 850’ C. the reaction 
COj + C = 2CO proceeded 166 times more rapidly than the reverse 
reaction. 

In practice the formation of the maximum of carbon monoxide 
and minimum of carbon dioxide is what is aimed at. High tempera- 
tyres olearly favour this; pressure (i.e. concentration) on the right- 
hand side, where the volume of carbon monoxide is double that of 
the dioxide tends in the reverse direction, bid:, as shown, this is a 
very slow reaction, and moreover in practice, tk.e carbon monoxide is 
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being withdrawn continually from the system; in other words, its 
removal accelerates the rate at which it is boing produced. 

In a valuable contribution on the "Essential Factors in the 
Formation of Producer Ga#," Clements, Adams and Haskins (U.S. 
Bureau if Mines, Bull. No. 7, 1911) give results for equilibrium 
established when carbon dioxide is passed through tubes contain, 
ing carbon in various forms. From the curves given the follow¬ 
ing data have boon deduced, results being expressed in terms of 
velqjjjjy of gases 
iengthTi^uei 
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a In each caso the required percentage was not attained. 

The influence of porosity of tho fuel and tomporaturo clearly ia 
very great. For a rapid rato of gasification in tho producer it 
follows that as high a tomporaturo of working as is practicable is 
required. 

The actual attainment of the equilibrium in a producer blown 
with air is well shown from results obtainod by Karl Wendt (Bla/tl 
will t'tsi-n, 190G, 26,1181); the fuel depth was 7 ft. 0 ins. 


TABLE XL1I. 

Composition op Casks fiiom PitODCCEns (Tv. Wendt). 


Height above 
twycr. 

Tempcratuie 

“C. 

Carbon 

dioxide. 

Composition ->f the ga*. 

| • 

! Hydroj&n. j Methane, 
niunoxi-lc. i ' l 

Nitrogen. 

At outlet . 

5R0 

07 

31 3 

fill 

2 4 

603 

GO ius. . 


10 

280 

OH 

Cl) 

68-8 

60 „ . 

1030 

0-6 

30 0 

11 7 

O-fi 

57 1 

40 „ . 


04 

83 4 

2*4 

0 3 

09-6 

30 „ 

1260 

. ml 

34-5 

0-4 

nil 

05 1 

20 „ . 

_ 

’ 0-2 

34-3 

ml 

ml 

G6’6 

10 „ . 

1400 * 

02 

341 

ml 

nil 

06-7 

At twyer. . 

! ~ 

16 0 

y-7 

nil 

nil 

76-3 

• 


Equilibrium wa tj established somewhere between 20 and 30 ins. 

above the twycr. The reversal of the action as the gases passed to. 
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a zone at lower temperature is shown by the slight increase of carbon 
dioxide at higher levels. Methane and_ hydrogen result from the use 
of bituminous coal; they make their appearance in the upper part of 
the producer, boing eliminated completely by destructive distillation 
buforo the air-carbon reaction is sot up. 

More important reversible, reactions occur when steam is em¬ 
ployed. In this case varying proportions of carbon ‘monoxide, 
carbon dioxido, hydrogen and steam will be coexistent, and by their 
interaction at various temperatures a constant composition for a 
givon tomperaturo will tend to bo obtained. The reactiooS^may be 
expressed -- 

CO + ILO $ C0 2 + II 2 


Tho reaction is exothermic; the reaction <- is eiulothe< mic. 

The composition of the ultimate “ mixed ” gas clearly will be 
dependent largely on tho relative rate at which cliango is progressing 
in oithor direction. For any given temperature this depends on the 
relative mass (or concentration) of tho gases on either side; that is, 


a constant Iv for the ratio 




<J0 2 -f- il 2 


- will resull 


This constant has 


beou determined by Oscar Ilalm as follows:— 


Temperatures 

V. 

X 

Temperatures 

K 

7hg 

0-81 

10SG 

1-93 

880 

1T9 

1203 

210 

y«o 

lot 

1103 

2-19 


In all ordinary practice, whore a temperature of about 1000° C. 
(1830° F.) is usual, the constant is about 2. Should tho gas be of 
other composition than that agreeing with this constant 2, and attain 
—either in tho producer or regenerator—a temperature of about 
1000° C., it will tend to undergo such of the reversible changes 
referred to as will bripg its ultimate composition into agreement with 
this constant. 

Lowering of temperature clearly will result, in an increase of 
carbon dioxido at the expense of carbon monoxido. Again, rise of 
temperature will result in an increase in tho amount of carbon 
monoxide present in the dry gas, with a corresponding decrease in 
the hydrogen and carbon dioxide. This' is of great importance 
where the gas passes through rogonerators, ft# is so frequently the 
cafe, and the issuing hot gases will be markedly different in composi¬ 
tion from the original. A further point of note is that increased 
concentration of steam, apart from its effect in lowering the tempera¬ 
ture and henee the value for K, by the increasouf the concentration 
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on the left-hand side of the equation will deternrine further a greater 
proportion of oarbon dioxide and hydrogen in the gases. 

Other experimental result^ by Karl Wendt in a producer blown 
with air saturated with steam at 60" C. (140 J F.) illustrate this 
change. 


TABLE XLTtl. 

Composition of Produckr G*sr.s with Air stcam Blast (K. Wendt). 


Composition of the rh 


Height Above 
twjrer. 


C 

Carlton 
•lit of ile. 

Carlton 

monoxide. 

Hydrogen. 

Methane. 

Nitrogen 

Oxygen, 

At outlet . 

410 

5-5 

20 *H 

1 1 0 

3 4 

4‘» 7 


GO ins. . 

— 

5*3 

28 0 

19-0 

4-1 

43 G 

_ 

50 „ . 

810 

G-0 

28-.‘$ 

20 7 

4 8 

40 2 

_ 

40 „ . 

-- 

5 0 

28 7 

21 H 

5 0 

1151*6 

— 

30 „ . 

925 

3 0 

32-7 

17 9 

1 2 

45 2 


20 „ . 

— 

6-5 

28 0 

13 7 

0 9 

51-9 

__ 

10 „ . 

— 

9 3 

220 

10 8 

0 1 

57 7 


At twyer . 

1110 

11*4 

nil 

nil 

nil 

79 1 

!>ii 


The increase of carbon dioxide and decrease of carbon monnxido 
above 30 ins. is sliown clearly. Towards the top of the producer 
the diluting effect of the distillation products of the coal masks tho 
results somewhat. The hydrogen and methane both result partly 
from the bituminous constituents of the coal and partly from tho 
action of tho steam on carbon. In the United States tests rofcrred 
to abovo it was noted that at high temperatures and low velocity 
about 2 per cent, of methane was found in the gasos from the steam- 
carbon reaction. 

Advantages through Introduction of Steam.—The importance 
of steam in gas-producer practice is so groat that it is desirable to 
summarize its advantages. Theso are chiefly— 

1. Enables efficient control of the tomperaturo to bo maintained. 

The higher the temperature the better the gas is, in general, an 
axiom, but tho permissible maximum temperature varies with the 
class of fuel; principally with tho liability of tho ash to fuse and 
form clinkor; to a less degree with tho effect of high temperatures 
on the firebrick lining of the producer. 

Where ammonia recovery is attempted, it is essential that a mqph 
lower temperature shall bo maintained than with non-recovory; high 
temperatures lead to such decomposition of the ainmonia'that a very 
low yield is obtained. The use of an excess of steam is rendered 
necessary, and the quality of the gas sacrificed to some eftent, • 
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through the production of considerable quantities of carbon dioxide, 
in order that the great gain possible in working costs through the 
recovery of ammonia may be attained. . 

2. By the gasification of a considerable proportion of the carbon 

by steam instead of wholly by air the gas contains less inert 
nitrogen (derived from'the air), since that portion gasified 
by steam yields almost wholly combustible gases (carbon 
monoxido and hydrogen) of high calorific value. 

3. Tho lowor temperature of the producer moans a lowe^&iflpo- 

raturo of tho issuing gas; less sensible heajjy 1 'therefore 
carried by the gases, and since tho proportion of combustible 
gases is higher, they carry a greater potential heat which is 
rendered available on combustion. 

Sensible heat units in the hot gas are not noarly as efficient as 
tho corresponding numlwr of hoat units available on combustion. 
Sineo in tho majority of cases tho gases are cooled before use, with 
loss of a part and frequently noarly the whole of the sensible heat 
units, tho use of stoatn proves an economical method of rendering 
hoat units available which otherwise would be lost. In other words, 
steam transfers heat from where it is not wanted beyond a certain 
dogreo to the furnace or engine where these units can be utilized 
profitably. 


The offoct of steam in gas-producer practice has been investigated 
very fully by Bono and Wheeler, the results of their extensive trials 
boing communicated to tho Iron and Steel Institute in 1907-1908 
(see Am//., 1907, 83, 659, and 1908, 86, 837, 874). Trials were run 
over a whole week for each proportion of steam with two producers 
of the Mond typo, with no attempt at ammonia recovery; the object 
in view was to ascertain tho offoct of steam, and not to test the Mond 
plant. In Series 1 the active fuel depth was the usual 7 ft., with a 
gasification of from 74 to 93 tons of dry fuel weekly. In the second 
series the usual deep Ast iron boll of this typo of producer had been 
cut off, the active fuel depth reduced to 3 ft. 6 ing., and the rate of 
gasification more than doublod. Tho principal data from the two 
series of trials are summarized in Table XLIV. 

The make of gas showed considerable increase as more steam 
was employod; tho gas showed the corresponding increase in carbon 
dioxido, at the expense of carbon monoxide, ani<of hydrogen, which 
would follow from theoretical considerations already given; the 
calorifio value and thermal efficiency reached a maximum when 
tho steam u»ed per pound of coal gasified was about (M5-0-50 lb. 
About 20 per cent, of the steam, on this rate ^>f supply, escaped 
decomposition. 



TABLE XLIV. 

Stkasi nr Gas Producer Practice (Bone and Wheeler). 
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The effoct of much undecomposed stham in gases will be to lower , 
greatly tho efficiency. A quantity of stja.n will carry a large amount 
of sensible boat at the tomporature of tho escaping gases, in addition 
to tho quantity of latent heat also prefcent. It is the necessity of 
recovering this sensible and latent heat in the excess steam, whioh 
must be used when ammonia recovery is attempted, which accounts 
largoly for tho extra plant and cost entailed when ammonia recovery 
is required, and determines whether recovery will pay. 

In Sorios 2 further reduction of tho saturation temperatur^ljelow 
the GO 1 C. (which was the lowost in Series 1) had littlo ePt&t on tho 
thermal efficiency and no marked effect on tho yielfrnf gas or its 
calorific value. Thoro appoars to bo no gain in reducing tho satura¬ 
tion tomporature below this, and its reduction would lead probably 
to clinkering troubles. At -15" saturation tho tomperaturo was so 
high that tho ash fused and ran through the bars. It is of interest 
to note, in viow of tho reversible changes already referred to and 
the possibility of such rovorsal occurring in rogonorators, that the 
gas oblainod at 55" saturation was in equilibrium for a tomperaturo 
of 1100'' C., and passed through regenerators at this tomperaturo 
unchanged. 

One of tho most important comparisons possible from Bono and 
Wboolor’s results is that between tho results when the fuel dopth 
was hnlvod and tho rale of gasification almost doubled, for tho same 
saturation temperature (GO" C.). Tho composition of the gas was 
but littlo altered; thoro was rather more combustible present with 
the doop bed, and consequently tho gas had a slightly higher thermal 
valuo, Tho efficiency with the doop fuel bod was some 5 per cent, 
higher than with tho shallow bed and higher rate of gasification. It 
is clear that tho shallow hod of 3 ft. G ins. was quite capable of giving 
satisfactory results, even with a rapid gas output, and since clinkoring 
troubles are mom likely to Occur with greater fuel dopth, clinker 
tending especially to grow on tho firebrick sides of tho producer, 
thoro is a distinct practical advantage in keeping tho dopth of the 
fuel as shallow as is consistent with the formation of good gas at a 
fairly rapid rato of working. A fuel with caking tomloucios demands 
n greater depth than a non-caking fuel, owing to tho liability of air 
channels forming. 

The relative depth of tho total fuol content to that of the highly 
Incandescent portion may have an appreciable* effect, in view of these 
reversible changos, on tho composition of the gas issuing finally from 
tho producer, providing the time necessary fof appreciable change is 
allowed. Above the high temperature zone will be a layer of con¬ 
stantly decreeing temperature, in which reversal with the production 
of carbon dioxide and hydrogen will tend to occur, i a 
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The theoretical side of the use of steam has boon considered by 
J. Voigt (see J. Gas Tig., 1910, 109,168) from the results obtained 
by "Wendt, and he lias calculated the composition, calorific value of 
the gas, etc., for different) proportions of steam. According to 
Voigt, the maximum efficiency would be attained with practically 
0-3 lb. of steam per pound of carbon gasified. Tho gas would 
then have the maximum calorilic valuo, but the yield would bo 
at tho lowest. 



Chapter XIII 
WATER GAS 


Water gas, as already montionod, is produced by the separate action 
of steam on carbon at a high temperature, to ensure the reaction 
taking, as completely as possible, tho form— 

C + UgO — CO 4- llg 

Theoretically, then, wator gas consists wholly of two combustiblo 
gasos of practically tho samo calorific valuo per cubic foot. In 
actual practico a small quantity of carbon dioxide results from tho 
reaction— 

C + 2IIgO = C0 2 + 2II 2 

According to tho thoory already givon, tho proportion of gasos 
formed by this latter reaction increases with lower temperatures of 
operating. In addition to tho non-combustiblo gas, carbon dioxide, 
small quantities of nitrogen, and occasionally a littlo oxygon accom¬ 
pany the gas, these being residual gases in certain portions of the 
apparatus from tho air blast which precedes the steam blast. The 
following range of composition is doducod from a number of 

analyses 

Hydrogen.4,0-51 per cent. 

Carbon monoxide .• . . 40-43-75 „ 

Carbon dioxido .... 3-5 5 „ 

Nitrogen ...... 3-5-70 „ 

Mothano .?.... 0T-0-5 „ 

Tho calorific value of plain water gas is about 300-310’B.Th.U. gross, 
and 280- 200 B.Th.U. net per cub. ft. Tho calorific intensity of the 
water-gas (lame is high. 

Since water gas contains only traces of methane and no 
nnsaturated hydrocarbons, it burns with a nqrtluminous flame. 
For its principal application—as an addition to coal gas—water 
gas is*“carburettod" to render it luminous; the uncarburetted gas 
is known as “ (jlue " water gas. 

Carburation of the gas may be attained by either a hot or cold 
process. In the former, suitable oijs are “cracked!" by subjection 
• • . 818 
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to a high temperature, the resulting oii-gas, of high illuminating 
power, mixing with the non-luminous water gas; in the latter, 
volatile tar spirits vaporize, and so confer the necessary illuminating 
power (benzol enrichment). * 

The manufacture of carburotted water gas is now a most 
important operation in the coal-gas ■industry, and the daily output 
of such gas is about 21G million cub. ft. Before the conditions of 
use of coal gas changed so that it is no longor a vital necessity that 
its iil-ftminating power shall bo high, the gas resulting from high 
temperature^distillation of ordinary coal in small charges seldom 
reached the iftcessary standard of illuminating power. Prior to 
1889, a proportion of cancel coal was generally retorted to raise 
the illuminating power, and the high price of cannol rendered this 
system of enrichment expensive. l)y the uso of carburotted water 
gas onrichment is obtained at a much lower cost., and other economical 
advantages have contributed greatly to tho extension of its use; 
among theso may be mentioned that a wator-gas plant enables the 
gasworks managor quickly to meet a rapid demand for gas owing to 
fogs, etc.; it provides a uso for a considerable proportion of tho coko 
produced in tho gas retorts, so helping to maintain a fair prico for 
the surplus available for oulsido disposal; it enables a smaller stock 
of coal to bo maintained; and, lastly, loads to economy in labour, so 
that although its uso specifically to give added illuminating powor 


does not hold so generally as 

in the past, its 

other advantages 

determine tho continuation and extension of its 
practice. 

The composition of carburotted water gas is — 

uso in 

gasworks' 

Authority: J K<"rtlf»R V 

It T.rwPB. 

a W Wallace. 

Ilvdrogen. 

. . 31 38 

37-2 

33-7 

Carbon monoxido . . . 

. . 23-28 

28-26 

300 

Saturated hydrocarbons 

. . 17-21 

18-88 

17 5 

Unsaturated hydrocarbons 

. . 13 10, 

12-82 

10-2 

Carbon dioxido .... 

. . 0 2-2-2 

Oil 

22 

Nitrogen. 

. . 25-50 

264 

62 


The theoretical considerations governing the production of water 
gas have been given already. One point only demands further 
reference. It has dveen shown (Equation d, p. 209) that in the 
decomposition of 1-5 lbs. of steam by 1 lb. of carbon, in tho ideal 
water-gas equation, 4320 B.Tb.U. must bo supplied. Many attempts 
were made to obtain this heat by the combustion of .carbon in a 
furnace built aroufld the generator in which the actual production 
of water gas was being carried on; the procene would then be a 
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continuous one, but all such attempts have resulted in failure in 
practice. 

Bocourso therefore must be mado to an intermittent method, in 
which the fuel first is heated to high incandescence by an air blast, 
anil then the stoam passed through the same generator until the 
temperature has been reduced Below the point at which good gas 
oan bo obtained. Tho process thus demands alternate “ blows " with 
air, and gas-making periods, “ runs," whore steam is employed. 

Any intermittent process necessarily suffers from certaii^flis- 
advnntages as compared with a continuous one. Either ^gasholder 
must bo provided in which to collect the water gUs, or more than 
one producer must bo installed, tho number depending on the relative 
duration of tho “ blow ” and 11 run ” periods. Further, owing to the 
endothermic character of the steam-carbon roaction, tho producer is 
working at a constantly falling temperature during the run; the gas 
consequently is not of constant composition, and, as shown by 
theoretical cousidcrations already given, the carbon dioxide present 
will increase steadily in amount. 

According to Equation b (p. 208), if tho air blast results simply in 
tho production of carbon monoxide, 4100 B.Th.U. are available per 
lb. of carbon gasified. It follows that per lb. of carbon converted 


4320 

into water gas ^ ^ = 0-9G5 lb. (practically an equal weight) of carbon 

must bo used for the air-enrban roaction. Ou tho other hand, if the 
working conditions could be made such that carbon dioxido alone 
resulted in tho air blast, giving according to Equation a (p. 208) 
14,047 B.Tb.U., tbon tho carbon for supplying the heat for 1 lb. of 

carbon converted to water gas would be only an additional ^ 


<= 0-30 lb. 

In actual practice tho production of water gas per ton of coko 
may be taken as 35,000-40,000 cub. ft., when the air-carbon reaction 
results in the production of carbon monoxide, and approximately 
one-third of the coke is utilised in the water-gas reaction proper, the 
remaining two-thirds being concerned in the air-carbon roaction 
taking place during tho blow. Sinco one ton of coke in the latter 
oaso yields about 185,000 cub. ft. of gas, tho two-thirds of a ton will 
yield approximately 123,000-124,000 cub. ft. ‘ Then, for every 1000 
cub. ft. of water gas made under these conditiodb, from 3000-3500 
cub. ft. of producer gas will be obtained also. Lowes gives the volume 
as 4000 oub. ft. 

Clearly, without efficient means of utilising the large number of 
available heat units in these gases (about 110 B.ih.U. per cub. ft.), 
t t|je production of water gas under-these conditions would be very 
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inefficient Aid costly as compared with rosults obtained by the 
alternative method of blowing with air to produce the maximum 
practical amount of carbon dioxido. 

Formerly those producer gases were employod for steam-raising 
partly to bo usod during tlio run. Now, since tho introduction of 
carburelted water gas, they are employed profitably in heating tho 
carburettors and superheaters, micro utilized to advantage, the 
total thermal efficiency of a water-gas plant may reach 80 per cent. 
Where water gas is required for gononil healing purposos, it is a 
groat advantage obviously to blow the generators so that tho maximum 
amount ofV^bon dioxido shall ho produced, as in tho Pellwik and 
Kramer and An^fs processes described lalor. 1 lore, where tho gases 
contain very little combustible, they still carry a largo number of 
sonsible heat units, which aro recovorod profitably by utilization for 
steam-raising, etc. With tho latter procedure Ixm/.ol eurichmout 
will be most applicable. 

Manufacture of Water Gas.—Tho process of Lowo and Tessio du 
Molay, originating in America in 1875, where the blow rosults in tho 
formation of producer gas, formed the basis of most methods of pro¬ 
duction until quite recent years, and, since it so readily furnishes tho 
necessary heat in tho carburettors and supci heaters for cracking tho 
oils and fixing tho hydrocarbon gases in tho manufacture or car- 
buretted water gas, adaptations and improvements in this process 
are still responsible for tho bulk of the water gas produced. 

Where water gas is required solely for heating purposes, for 
reasons already given, tho more recent method of blowing to carbon 
dioxido is more suitable; hero it is proposed to describo tho general 
principle of operating on the Lowo system only for the production of 
tho carburetted gas. 

From the theoretical principles, for tin; blow to yield producer 
gases, the fuel depth in relation to the blast must bo high. The 
generators in this typo of plant aro about ‘0 ft. high and 7 ft. in 
diameter. The genoral arrangement of the vlaut is shown diagraru- 
matically in Fig. 34. 

The generator A is lined with firebrick; it is provided with the 
necessary hopper for charging at the top, clinkering doors, ash-pit 
door, etc. During the blow valves 1 and 2 aro open, valve 3 closed. 
The air blast from the blower B passes in at the bottom of the 
generator, the producer gas issuing through tho largo main at the 
top of tho generator through tho valve 2, and pass on to the car¬ 
burettor C. At the tpp, where they enter, air from the blowpr is 
admitted for tbeir combustion; tho burning gases pass downwards 
through the firebwck chequer in the carburettor, heating it to a high 
temperature; they then pass into the bottom of the superheater 0, 




Pig. 34.—Carburet ted water gas plant. 
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meeting aVurther supply of air from the blower to complete their 
combustion. Finally, the hot products of coml ustion escape through 
the stack valve E at the top. 

During the gas-making period, the air supply valvos having been 
closed together with the stack valve, and the valve 4, controlling the 
condensers and scrubbers, opened, steam is admitted, in one run at 
the bottom and in the suoceeding*run at the top of the producer. 
When admittod at the bottom, the water gas finds its exit through 
the valve 2; when at the top, through the valve 3, passes up the 
vertical main, in both cases passing ultimately into tho top of the 
carburetter. 'The oil injector is now operated for a portion of the run, 
the water gasHrrios the oil vapours down through tho hot firebrick, 
then into the superhoater, where tho hydrocarlxm vapourB bocomo 
converted finally into stable gases. A considerable quantity of tar 
also is carried forward, somo of which condonsos in the vertical 
main, which terminates in tho hydraulic seal F. Tho remaining 
condensation of tar and scrubbing of the gas tako place in suitablo 
condensers and extractors, aDd tho gasos pass forward through 
purifiers, where sulphuretted hydrogen and carbon dioxido aro 
removed before tho gas is admixod with tho coal gas. 

Tho alternation in tho admission of steam to the top and bottom 
of the producer, which is common to moBt processes, is with a viow 
to attaining more uniform temperatures. During tho up run tho 
extreme bottom layers of fuol aro reduced greatly in temporature; 
when the succeeding blow takes placo tho blast air at high volocity 
prevents these layers again becoming highly hoatod, so that they 
remain chilled. On the other hand, when steaming from tho top tho 
bottom layers becomo extremely hot, hence the advantage of ultornate 
steaming from above and below. 

Two important points in relation to steam supply must be con¬ 
sidered. Owing to the strongly ondothermic character of tho steam- 
carbon reaction, the driest steam will quickly cool tho fuel down. 
Wot steam obviously will have a far more rapid effoct in this direction, 
and quickly reduce the bed bolow tho temperature at which good gas 
can bo made. Superheating the steam clearly is very advantageous. 

Again, excess of steam is to be avoided; it will pass through the 
fuel unchanged, leading to more rapid cooling; the loss of heat from 
the system by reason of the high specific heat of steam will be great; 
more fuel is required to raise this unnecessary steam, and more 
cooling water employed in the condensers. 

G. W. McKeo (J. S. C. /., 1903,1325) has shown that the make of 
gas falls off rapidly after the first three or four minutes of the run, 
and concluded that as the process goes on the steam supply should 
be reduced. By cutting down the nozzle pressure by one-half after 
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the fourth minute a considerable saving ef coke was effected, and the 
carbon dioxide in the gas reduced; it is "Uggested that by dividing 
the run into thrco periods and reducing* the steam at the last two, 
further economy would result. p 

, Aftor tho addition of coke to the producer tk8 next blow should be 
of about one minute longer duration than tho usual. This serves to 
heat up the added fuel properly. Furtbol, immediately before coking 
the temperature of tho fuol is at its maximum, and it is found in 
practice that another minute may bo added to this run without the 
quality of the gas boing impaired. 

A valuablo contribution on tho Application of Ci^nfcal Control 
to the operation of Wator Gas Plant, by G. W. Wallace (see Gas World, 
1912, 57, 3G1; J. Gas Lhj., 119, 503) should he consulted. Tho 
composition of tho blow gases in different parts of tho plant and the 
distribution of boat units in these sections is given as — 


Carbon monoxide . . . 

Generator. 

15-0 

Carburettor, 

G-3 

Superheater. 

0-5 per cent. 

Carbon dioxide . . . 

10-2 

15 5 

191 „ 

Oxygon. 

0-8 

0-2 

03 „ 

Nitregon. 

710 

78-0 

801 „ 

Distribution of the heat 
units of tho fuel . . 

59-2 

20-8 

18-7 „ 

From those and oilier data Wallace computes 

the distribution of 


the heat units of the fuol in tho gas unido, different parts of tho 
plant, otc., although in tho example given he does not considor the 
procoss working at its best, to be us follows:— 

For gas making.3P2 per eout. 

For blowing generator.40 8 „ 

For heating carburettor .... 14-2. „ 

For heating suporhoator .... 13 0 „ 

Consumed (?) outsido.0 8 „ 

• 

In good practice for " blue ” wator gas, the fuel consumption per 
1000 oubio feet is given as 34-6 lbs. The estimated percentage of 
oarbon of the fuel appearing in the gas is 33-75 per cent. 

The following consumptions, etc., for 1000 cubic feot of carburetted 
water gas are given by T. W. Harper (Dundee) and S. Milne 
(Aberdeen):— ,» 

Dundee. Aberdeen. 

Coke for generator, lbs. . . . 49.02 42-8 

Coke and breeze for boiler, lbs. . — 17-3 

Oil,-gallons.3-25 , 3 44 

Water for steam, gallons . . , 9-77 10 50 
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According to A. Meade (J. Otis Ltj., 1912, 117, 211), with a 
large plant working under the host conditions with good ooke, the 
weight per 1000 cub. ft. seldom exceeded 37'5 lbs.; under bad con¬ 
ditions it was 43 lbs. Cokers necessarily vory variable in its carbon 
content, and, without tho analysis being given, comparison between 
different results should not bo instituted. 

The steam required per square foot of cross-section of the 
producer is stated as 0'1 lb.; the consumption in an ordinary plant, 
including that for the blowers, as G2 - l lbs. per 1000 cub. ft. of gas. 
On theoretical grounds it may bo calculated that with a gas yield of 
1000 cub. ft. p^r 40 lbs. of coke containing 90 per cent of car Iron, tho 
steam used in tli^enerator would be about 60 lbs. per 1000 cub. ft. 
niako. 

In the Loomis produeor a considerable reduction in the ratio of 
depth to fuel area over tho older typos of gonerator has boon made, 
together with other notable improvements. Tho height is usually 
12 feet and the diamoter 9 foot. The air supply during tho blow is 
admitted around tho charging hopper, so that tho hottest zone is in 
the upper part of tho producer. Bonoath tho grate a, superheating 
arrangement is provided by moans of fireclay slabs. When tho stoam 
for tho run is admitted bonoath tho grate it becomes highly super¬ 
heated by thoso hot surfaces, passes up through the fuol lied, loaving 
at tho hotlost part of tho fuel, and the water gas produeod passes 
through a number of poits communicating with an annular ring in 
tho upper part of the lining, through which the gas passes to tho 
main. 

Dellwik-Fleiscker Process.—Tho successful adaptation of the 
water gas plant so that during tho blow tho groat advantage in out¬ 
put per ton of fuel arising from tho production of carbon dioxide 
instead of carbon monoxide, was duo to Mr. Bellwik. Theoretical 
considerations already given show that with I ha production of carbon 
monoxide an equal woight of fuel must ho consumed during tho air 
blast, whilst owing to losses by radiation, a% sensible heat, etc., in 
practico only about ono-tbird of tho total fuel is actually gasifiod by 
the steam. On tho other hand, whore tho blast results in carbon 
dioxide, tho fuel demanded for tho air-carbon reaction is only one- 
third that of the fuel gasified by the steam. It follows that a much 
higher gas yield por ton pf fuol chargod is possible in tho lattor case. 
In actual practice, tjjo make of biuo wator gas by tho Lowe process 
is about 35,000-40,000 cub. ft. per ton; on tho Dellwik principle 
it reaches 75,000-78,OOCkcub. ft. » 

The actual thermal efficiencies of the two systems ipust not be 
compared by these data, for where good uso is made of tho heat units 
available in .the combustible gases from the Lowp system, nearly as 
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high a thermal efficiency is possible as on the Deilwik lystem. But 
the latter offers other advantages. By blowing to carbon dioxide the 
generation of heat is far more rapid, the required temperature for 
commencing the stoam reaction being^ quickly reached, and gas- 
making procoeds ovor a far greater proportion of the time. In the 
early generators tho “ blow ” period* was frequently 10 minutes, and 
the run 4-5 minutes; in modern plants on tho Lowe systofn the run 
period usually cxcoods tho blow period by one or two minutes. In 
the Deilwik process tho blow may not exceed 2 minutes, with a run 
of 7-!) minutes. 

Tho composition of tho “ blow " gases in both s^toms is given 
by 1’rofessor V. B. Lowes as— 


Carbon dioxido . . . . 

Old System. 

. . 4-5 

IMiwlk. 

15-13 

Carbon monoxide . . . 

. . 29'0 

1-5-25 

Nitrogen.. 

. . . OG-O 

800 

Oxygen. 

. . . 0-5 

10 


In order that carbon dioxide may result in tho blow tho fuel layer 
must be shallow and tho air blast powerful. The Dolhvik-Fieischer 
producer is usually 14 ft. high, 12 ft. in diameter, and fuel bed 
about 3 ft. thick. It boing necessary to maintain a sufficient thick- 
noBS of fuol during tho run, moans are takon to control this carefully 
by the addition of fresh fuol at frequent intervals; usually coke is 
added at every socoml blow. Tho blow gasos eseapo through a 
central stack valvo at tho top of tho producer. Steam is admitted 
alternately at top and bottom in consocutivo runs. The hot water 
gas passos through a suporkoator, through which tho stoam supply 
also passos, thus taking up tho sensible boat units from tho gas, then 
through suitable washers and scrubbers to tho holdors. 

Tho avorago coko copsumption in tho Deilwik generator per 
1000 cub. ft. of gas is given as 32-35 lbs., equivalent to a gas yield 
of 05,000-70,000 cub. ft. per ton. Tho stoam requisito for tho run 
and operating the blower is about 00-05 lbs. per 1000 cub. ft. 

Kramer and Aarts Process.—This is one of the most successful 
forms of plaut adapted to work on the Deilwik principle, and its 
ingenious arrangement for providing tho necossarily shallow fuel bed 
for carbon dioxido to result from the blow with rapid attainment of 
the dosired maximum temperature, and the manner in whioh complete 
decomposition of the steam >s attained by causing the steam to travel 
through twice tho depth of fuol that tho air passos through in the 
blc-w, offer marked advantages. In tho plant the water gas always 
leaves tho producer at tho hottest zone. This is a point of great 
importance, as affocting the regularity in composition of tho gas 
mado in successive runs. It has been shown that with gas formed 
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at a hot zone passing on toiHooler zones, reversal of the obemieal 
* changes takes place, and mot* carbon dioxido appoara in the gas at 
the expenso of the monoxide. When the gas is led off at the hottest 
zone its temperature is reduced so quickly below that at which re¬ 
versal is appreciable that further change is negligible, and the carbon 



Fio. M.—Kramer aud .tart's water gas producer. 

monoxido percentage will be the maximum attainable for tho equili¬ 
brium corresponding to tho existing temperature of the final layers,of 

fuel. 4 

The general principle of operating on the Kramer and Aarts 
system will be followed from Fig. 35. The two small generators 
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are blown in parallel, the air valves 1 and 1 a being open. The gases 
escape at the upper part of each producer into the two chambers 
above filled with a chequer of firebrick, these chambers being built 
side by side and open to each other a% the top. A secondary air 
supply is admitted through tho valves 2 and 2a, serving to complete 
tho combustion of any carbon pioi¥>xido producod. Tho hot blow 
gases escape through the stack valvo at tho top of the regenerator. 
The average duration of the blow is 45 seconds. 

During tho run steam is blown in at tho bottom of one generator; 
tho wator gas formed, together with any oxcoss stoam, passes up the 
section of tho regenerator in direct connection witjj«this producer, 
down through the other section, and so through tho fuel in the 
second generator, finally escaping at suitahlo ports in its lower part 
to tho wator gas main. In tho run, then, tho producers are worked 
in serie s. After tho succeeding blow in parallel, tho steam is sent 
first into tho gouorator from which the gas was drawn in the previous 
run. It will bo seen that by this arrangement the active fuel exposed 
to the action of stoam is very largo; further, that any stoam escaping 
decomposition in tho first generator bocomos highly suporhoated in 
tho ^generators, and so in tho best possiblo condition for completing 
the wator gas reaction in tho socond generator. Again, any carbon 
dioxido in tho gas obtained in the first generator is certain of conversion 
iuto carbon monoxide in passing through the second generator. 

Owiug to the shallow bed of fuel operating during tho blow the 
liability to tho formation of clinkor is greatly reduced, and with the 
large amount of superheating of tho gasos tho fall of temperature in 
tho socond generator is loss stoep than with a singlo system plant, 
and good gas obtainable over a correspondingly longer period. 

Tho following results were obtainod by Professor W. A. Bono on 
a 500,000 cub. ft. por day Kramer and Aarts plant at Leeds;— 

Avorage make per hour.. , 

Colorific value, B.Tli U. per cub. ft ... . 

Yield of gas per lb. ear bon . 

Percentage of carbon of coko appearing in 
tho gas. 

Ratios of calorific values of tho gas and epke 

* 

Industrial Applications of Water Gas.— 1 Tho principal application 
of water gas after carburation, as an adjunct.to coal gas making, has 

1 The cok*-as charged contained 84 7 per oent. of carbon; the yiold per lb. of 
cake was therefore approximately 821 cub. ft., or coke ptr 1000 cub. ft. made m 
81-3 lbs. 


21,833 cub. ft. 
'3089 gross 
,284'0 not 
37 84 cub. ftA 

G065 

0766 on gross 
0-705 on net 
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been dealt with. Blue wator gas is, howeve;, of special servico in 
many heating operations. Its gross calorific, value is about 310 
B.Th.D., and net 2S0 B.Th.U. per cub. ft. The gas is capable of 
giving a very high flamo %>mperaturc. According to Br. Koessler, 
with pre-heatod air a temperature well nbovo the melting point of 
platinum (1780' C.; 323li’F.) is attained; under ordinary conditions 
of combustion tho hottost part of the llamo is from 1530-1015’ C. 
(2800-3000' F.). 

For furnace heating, where tho work is intermittent and it is 
desired to get a quick boat, water gas has tho advantage over 
ordinary procVger (mixed) gas. It has boon used to a limited 
extent in steel furnaces, but here producer gas—used hot and with 
its tar vapours—with its simpler production, continuous make, and 
less costly plant is moro generally advantageous. For furnacos for 
heating drop forgings and stampings and such class of work, it is 
employed, and to a limited extent for metal melting, l’lant is, howovor, 
unlikely to ho installed specially for thoso uses. 

Blue water gas is, howovor, very valuable for Bpccial welding 
procossos, especially for steel mains and pipes. According to 
A. Meade, tho burners for this purpose aro supplied with gas at 
half a lb. pressure, tho air at 2^ lbs., tho consumption per burner 
being 0000 cub. ft. per hour. A stool main 18 ft. long and } in. 
thick can bo welded along the joint in about one hour. Tho samo 
writer stales that water gas is used also for glass molting and for 
cement kilns. 

The uso of water gas for power production in gas engines is 
limited to works where the plant is installed for other purposes. For 
power production alono a water-gas plant would not bo installed. An 
objection generally urgod against it for uso in engines is tho liability 
to pro-ignition on compression, usually ascribed to a high percentage 
of hydrogen. Water gas, however, has given no troublo in many 
cases when too high a compression is not attempted. Meade states 
that for such use tho gas must bo subjected always to iron oxide 
purification. 

The higher percentage of water gas to give an explosivo mixture 
with air is 57 ; the lowor limit, 12’0 per cent. 

One of the most interesting developments in the use of water gas 
is in the production of, pure hydrogen. By reducing to a low tem¬ 
perature the carbon monoxide may be liquefied and hydrogon of fair 
purity obtained. With the extending demands for hydrogen for 
balloons and dirigibles, and for use in the oxy-bydrogon blow-pipt> for 
cutting metals, this process is likely to find extensive application. 

Cost of Water Oas.—A. Meade gives the cost of blue 'Water gas as 
per 1000 cub. ft., which inoludes all charges together with 
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depreciation. The cost of carburetted gas by the Kramer and Aarts 
process is stated by the makers to-bo lil.Stl. por 1000 cub. ft., and 
the “ bluo ” gas 

In extonsivo tests at Cleothorpes yith the Dellwik plant, the 
“ cost of “ bluo ” water gas was 3W. por 1000 cub. ft. At Ilford, with 
benzol carburation, the plant bping.rated for an output of 600,000 
cub. ft. por 24 hours, 15 candlo-powcr gas cost 7'27 il. per 1000 cub. ft. 
At Cleothorpos, with oil carburation, capacity of plant 300,000cub. ft. 
por 24 hours, 15 G candle-power gas cost 8’Gld., tbo oil consumption 
being 1'27 gallons. 

The possibility of obtaining bolter efficiency in wator-gas plants 
by utilization of sonsiblo boat units in both blow and run gases is 
generally overlooked. Taussig estimates the sonsiblo heat units 
loaving tiro apparatus per 1000 cub. ft. as 110,630 U.Th.U., 62,400 
from the blow, 4.8,230 from tbo run, and if carbon monoxide is 
present in the oscaping blow gases, (lie loss is further increased. 

Taussig advocates tbo use of these gases by passing through 
suitable boilers -thoso of tbo pattern used for exhaust gases from 
gas engines would prove suitable. In practice 70 lbs. of water have 
boon evaporated por 1001) cub. ft. of gas made Assuming tho boiler 
evaporation por lb. of coal to bo 8 lbs., the 70 lbs. ovaporated are 
equivalent to 8’70 lbs. coal. IIo estimates that the coal consumption 
for stoain-raising may bo reduced from 10-20 lbs. at present required 
to from nil to 0 lbs. 
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Simiu.k VfconucER (Ias (Aiit-Cour. (l\s, Sinstuxs Oak) 

Titb gas resulting entirely from the notion of nir on highly healed 
carbon, ami therefore consisting essentially of carbon monoxido with 
a largo volume of inert nitrogen derivod from the air, was tho first 
form in which “gasified" carbon was applied in practice. Bischof 
(1H39) introduced a bimplo form of producer, open to the air at tho 
bottom, through which tho nir current was drawn by natural draught. 

Tho development in tho use of gasified fuel was associated closely 
with improvements in metallurgical furnacos with regenerative 
working, which the brothors Siemens introduced and developed. In 
the earlier forms of producor tho fuel was gasifiod by an air current 
induced by natural draught; later, Siemens used a closed bottom 
producer, water being kept in tho ash pit and air blown in ; still later, 
a steam injection system for carrying in tho air was introduced. 

The composition of tho gas obtained by tho action of air alone 
should bo approximately ono volumo of carbon monoxido and two 
volumes of idtrogon; its relation to tho othor fuol gasos, average 
composition, etc., is given in Table XXXIX., p. 185. It has boon 
shown that tho “cold gas” efficiency of such a producor would bo 
about 70 per cent.; by using the gas hot efficiencies of from 80 to 85 
per cent, may be attainod. 

Tho composition of the gas obtained /rom a bituminous fuol 
partook naturally of the character of a mixture of producer gas 
proper and the gases distilled from tho coal. Tho composition of a 
Siemens gas produced from bituminous fuel in a wet-bottom producer 
with somo excess of air, as bhown by the oxygen present was:— 


Carbon monoxido . . . 

. . . 237 per 

cent. 

Hydrogen' 1 . 

... 80 

If 

Methane. 

. . . 2-2 


Carbon dioxido .... 

... 41 

If 

Oxygen. 

. . . 0-4' 

,r- 

Nitrogen. 

. . . GTS 

M 
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Tho use of simple producer ga3 was confined entirely to metal¬ 
lurgical operations. With the knowledge of the advantages of the 
joint action of air and steam the production of this simple gas soon 
ceased, and “ mixed ” gas is now omployqd invariably. 

"Mixed Gas" (Semi-^vadek Gas, Dowson Gas), 

It has boon shown already that by tho joint action of air and 
steam on carbon a mixed gas, consisting partly of the producer gas 
proper and wator gas, may be mado by a continuous process. This 
offers obvious advantages over any intermittent proces^. 

The wonderful development in the use of the£? poorer gaseous 
fuels, tho production of which led naturally to a simultaneous im¬ 
provement in gas engino design and operation, formed a marked 
foaturo in industrial progress at the end of tho twentieth century. 
Boforenco has beon made already to somo of the advantages gaseous 
fuels of this character offer. In tho early years of its introduction 
for powor and othor purposes, the successful rosults obtained were 
due largely to tho skilful handling of the problem by Mr. J. Emerson 
Dowson, who in 1881 demonstrated tho value of poorer gases in a 
3 H.P. Otto ongine. The development of the large gas engines of 
the presont day, working at high compressions on theso poor gases, 
and tho application of theso engines to the officiont utilization of 
waste gasos, or gases hitherto inefficiently utilized, as blast furnace 
gas, must be attributed in the main to the pioneer work of Mr. 
Dowson. 

Pressure and Suction Plant.—The gasification of tho fuel is 
carried out in cylindrical producers, in which an air-steam current acts 
upon the carbon of the fuel. The producers may be worked under 
pressure, the air being forced through either by a steam jet or by 
a fan blowor. The natural development was to make the suction 
stroke of the engine itself pull through the necessary air-steam 
mixture, giving the we[l-known suction gas plant. The nature of 
tho gas produced from a given type of fuel obviously will be almost 
identical for the same conditions of air and steam supply. 

In gonoral, the pressure plant is more particularly suited to the 
production of large quantities of gas, and is adopted almost universally 
where gas is required for both power and hpating purposes. More 
recently special forms of such plant, in which ,air-steam is drawn 
through by a fan and the gas distributed much as with pressure 
systems, have been designed, but their advantages over the pressure 
system aro not very obvious, beyond reduction of the risk of carbon 
monoxide poisoning should a leak occur. Workjng under suction, 
gas cannot escape outwards; any leakaee will be of air inwmvio 
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The suction plant is suited more particularly to power production 
on a small or moderate scale, and generally the gas producer, gas 
cleansing arrangements and engine form a complete unit. Wliero 
the engine alone is responsible for drawing iho air-steam through tho 
producer and the gas through the nocossary cloausing plant, it follows 
that tho resistance offered to its free passage must not he groat, as 
would be tho caso whore much tarry vapour is given off, requiring 
somewhat extonsivo cleansing plant. It follows that non-hituminous 
fuels, such as anthracite and coke, are most suitable for such plant. 

Fuels for Gas Plant.—Tho design of tho plant will ho least 
complicated tlV.'purer the gas as it loavos tho producer. Its simplest 
form then will ho for plant utilizing anthracite or coke, whothor for 
pressure or suction working. The very groat advantage of boing able 
to work with bituminous coals of much lower cost is obvious, but 
their use entails greater complication in design, higher first cost and 
working expenses, where the gas has to bo used in onginos. Tho 
tar vapours are advantageous in metallurgical operations, by reason 
of their adding to the calorific value of tho gas. Jn this caso tho gas 
passos as directly as possible from tho producer to tho furnaco, and 
its sensible hoat also is utilized. In general, bituminous fuels are 
most suitable to pressure plant, although several forms of suction 
plant work successfully on certain types of bituminous fuel, and 
some on ordinary bituminous coals of low cost. 

Tho variety of fuels which have mot with successful application 
in gas-producor practice covors pretty well all carbonaceous materials, 
ranging from high-class anthracite to colliery refuse containing over 
60 per cent, of ash, quite usoloss for fuel in any other way; it includes 
lignites, peat, wood waste, spont tan, coker-nut shells, etc. Tho 
limitation to use appears to be caking properties in the case of coals ; 
this prevents tho fuel passing through the producer in a proper 
manner, and leads to formation of channel- through which the blast 
passes without propor action taking place. 

Where bituminous coal is employod i» large quantities the 
question of ammonia recovery has to be considered. The quantity 
of nitrogen in English coals averagos about T3 per cent, (see Table 
XVII.), the greator proportion of which can bo recovered in pro¬ 
ducer practice. This entails considerable addition to the usual plant, 
adding to its first cost,. and its operation necessarily will be more 
expensive than with non-recovery. Further, the producer tempera¬ 
ture must be much lower, otherwise large destruction of ammonia 
occurs. This necessitates more steam in proportion to the air; the 
lower producer temperature resulting leads to higher carbon dioxide 
and hydrogen in the gas, and much steam passes through without 
decomposition, carrying forward to the purifying qlant a large number 
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of heat units as latent and sensible heat. For economical working 
these heat units must bo recovered,.and this adds still more to the 
complication and cost of the plant. Against all this there is the 
great return from the ammonium sulphate made ; often 70-80 lbs. 
* per ton of fuel, and worth from £12 to £13 per ton. 

Tho selection of tho most suitable form of plant for a particular 
factory is often a difficult matter. Improvements in tho suction type 
and in simplifying and cheapening ammonia recovery plant have 
eliminated the old more or less recognized boundaries between tho 
systems. Wholher tho plant shall bo for non-bituminous or bitu¬ 
minous fuel; wliothcr, with the latter decided ugpj, for ammonia 
recovery or not, are questions bound up so intimately by local 
conditions, fuel prices, available water supply and other considerations 
that no gonoral guidance is applicable. 

General Considerations.—On theoretical grounds it has been 
shown that a tomporature of about 1000’ C. is requisite for tho 
production of gas with low carbon dioxide content. The temperature 
attainable in praetico is limited by excessive action on tho lining of 
the producer, but moro especially by tho liability to form clinker from 
the ash of tho fuel. Tho question of fusibility of coal ash has boen 
referred to on p. 40. Unless tho gas is usod hot high temperatures 
in tho producer lead to big losses of sonsiblo heat in the gases, and 
low thermal oilicioncy results. 

Clement and Grino (IJ.S. Gcol. Sun'. Bull, 393, pp. 15-27) give 
the results shown in Fig 30, with a producer 6 ft. 6 ins. diameter at 
the top, 7 ft. at the bottom, and with a fuel depth of 8 ft. 6 ins. 
The maximum observed temperature w r as 1300’ C. (2370° F.). 
It will bo soon that the temperature towards the contre was much 
lower at a givon height than at the sides, and this was ascribed to a 
badly designod twyor. Proper distribution of tho blast through the 
fuel is an important question. 

In a Taylor producer, J. S. Pennock ( J. S. G. I., 1905, 600) 
obtained tho following temporatures above tho fuel bod:— 

At top of fuel. 950-970’ C. (1740-1780° F.). 

2 ins. above surface. 900-910’ C. (1650-1670° F.). 

1 ft. above surface. 650-660’ C. (1200-1220° F.). 

2 ft. above surface (at outlet) . . 595-605° C. (1100-1120° F.). 

The temperature conditions in a suction producer were investigated 
by Garland and Kratz; the engine was cut out and suction obtained 
bya Korting steam injector. Temporaturos.wero taken at the centre 
of the bedjuid 3 ins. from each wall at three different levels and at 
the gas exit and before entering and leaving «the scrubber. The 
results obtained to\ the producer were— 
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The mean ^I'mperatura was 1200-12G0 1 C. (2200 2300' 1<\), and 
that of tho gases at (he exit oOO-COO' C. (J090-1110' !•'.). 



Fin. gf> —Diagram of lomporaturc distribution la gas produeors. 

It has been shown also that steam is tho tomporaturo regulator, 
and it follows that tho character of tho fuel, Ijoth its moisture content 
and the character of the ash, plays an important part in determining 
the air-steam ratio demanded. A fuel holding much moisturo will 
require loss steam from oxtorior sources; with high moisture, as in 
many peats, it may not he necessary to supply any additional steam. 

The quantity and character of tho ash of the fuol is of very great 
Importance. If the, ash is fusible, in order to provont formation of 
troublesome clinkor, a high steam ratio has to ho employed in order 
to keep a lower temperature and so avoid excessive clinker formation. 
This leads necessarily to impoverishment of the gas. Much clinkor 
entails considerable labour in keeping the producer wording under 
good conditions, and where a grate which actually supports the fuel 
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bod is employed the ash and clinker interfere seriously &ith the (ree 
passage of the blast. In producers-where the ash does not rest on a 
grate, littlo trouble is experienced with fuels having quite a high ash 
content, if the ash is not of a vory fusibjp character. With suitable 
producers the gasification of colliery waste, etc., containing up to 50 
per cent, of ash, material quite ijnfib for use as fuol in any other way, 
can bo roadily accomplished. 

■ Producers for such fuels are constructed usually to work under a 
higher blast pressure than ordinarily; in many the water-sealed 
bottom is replaced by a closed-in bottom, and special mechanical 
arrangements provided for removal of tho ash and clinker. 

Tho rate of gasification is one of the most important points of a 
producer; for a given consumption it determines tho number to be 
installed. There comes a natural limit to the rate by reason of tho 
very high temporature attained at high blast pressure, with conse¬ 
quent formation of clinker, especially with fuels of high and fusible 
ash content. Marconnet has proposed a producor to operate on 
powdered fuol; the rate of working is kept so high that the ash fuses 
and is run from tho producor, as a slug is from a furnace. Tho rato 
of gasification attained is very high; from 100 to 100 lbs. per sq. ft. 
of section per hour has been claimed. 

Theoretically, 1 lb. of carbon at a high temporature can decompose 
completely 0-64 lb. of steam, in practice 0'75 lb. may be allowed 
without any appreciable loss through part being undocomposed. In 
ordinary producer practice, without ammonia recovery, about 1 lb. 
per lb. of fuel is common (corresponding to a saturation tomporature 
of 70"). It is stated that the volume of steam is 10 per cent, of tho air 
volume, or 6 per cent, by weight, in Dowson type pressure producers. 
It is commonly assumod, that the additional luel required under the 
boiler is one-sixth the weight of fuol gasifiod. 

In pressure plant the air may be injected by means of a steam 
jot, or, usually in the larger plants, by a fan or blower, when it takes 
up the requisite steam from water maintained at a suitable tempera¬ 
ture. Insufficient attention is paid in many injectors to providing 
easy control of the air-steam ratio. With a fixed steam jet and open 
air orifice variation is possible only by alteration of tho steam pressure. 
A steam jet directed into a cone and capable of moving in and out 
will enable the ratio to be adjusted, or, in other cases, provision is 
made for excess air to be the normal condition, the actual admission 
being regulated by adjustable louvres. Annular steam jets are more 
efficient thgn “ solid ” jets. 

In pressure plants operated by a blower, and «in most suction gas 
plants the ratio is dependent ob the saturation temperature of the air 
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by steam. t)n theoretical grounds it may be taken that, with 
conditions of air and steam supply properly balanced for thermal 
equilibrium with the production of carbon monoxide and hydrogen 
only, each pound of carbon gasified requires 42 cub. ft. of air and 
0’64 lb. steam. The curves given in Fig. 37 show the weight of 
1 cub. ft. of air at different teinporatures, and tho weight of steam 
1 lb. of aft can carry at saturation at various temperatures. 
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can be arranged for by utilizing sensible heat in the gaffes produced, 
this heat is conserved. In many producers further superheating of 
the air-stoam mixture is done by passing it through an annular space 
^arouhd the lower part of tho producer. Tho cooling effect here is 
advantageous in cheeking the formation of clinker, 

A producer must be capable of giving a high rate of gasification 
with simultaneous production'of good gas. Allowing * that the 
tfecessary temperature is maintained, the quality of the gas will be 
dependent primarily on intimate contact between tho air-steam blast 
and carbon for equilibrium resulting in the formation of carbon 
monoxide and hydrogen to be maintained. This.^fill depend on 
(a) the depth of the incandescent zone; (b) tho cross-section of the 
producer; (c) tho velocity of tho blast. The first condition will depend 
greatly on the latter factor. The total depth of tho fuel will govern 
largoly the volumo of tho air-steam blast it is possible to admit. 

A small fuol depth and high blast will load to tho whole fuol 
becoming incandescent, and somo carbon dioxide may pass through 
unchanged. Eeduction of tho blast to avoid this would lower at once 
tho rate of gasification. On the other hand, excessive depth of fuel 
offers much resistance to tho passago of tho blast and the gases, and, 
again, the rate of gasification will bo reduced. Deep fuel bods are 
also conducive to the formation of clinker on tho sides of the producer. 

The size and character of the fuel will affoct the depth required 
for the best results. Small or porous fuel, offoring largo contact 
surface for the reactions will require less depth than larger and more 
dense fuel, but tho smaller fuel will offer greater resistance to the 
free passago of the gases. With a fuel having caking tendencies, 
wheroby air channels may form, a groater fuel depth is requisite; 
again, producers working with bituminous fuol require a dopth some 
20 per cent, groater than for non-bituminous. 

These considerations apply to tho active fuel depth. A large 
amount of fuel over that taking part in tho reactions may be advan¬ 
tageous in prolonging,the time between charging fresh fuel, but 
beyond that appears disadvantageous. In suph upper layers at 
moderate temperature reversals of the primary reaction are more 
liable to occur, leading to deterioration of the gas, and the mass offers 
greater resistance to the free passage of the blast, and honce rate of 
gasification. In certain producers for bituminous fuels a bell extends 
downwards from the charging hopper to well belpw the gas exit pipe. 
The gases do not pass through this portion, so that the actual fuel 
depth should be reckoned as from the bottom °f tho bell. The object 
of this bell is that the gases from the bituminous fuel may be distilled 
off slowly and pass through the upper layers of aejive fuel, where the 
tarry vapours are supposed to be converted into permanent gases. 
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In Bone* and Wheeler's •investigations on a Mond plant, the 
results of which have been given on p. 214, the bell extension was 
out off for the second series of experiments, and the active fuel 
reduced to one-half of that in the first series, namely, from 7 ft. to 
3 ft. 6 in., without appreciably affecting the working results. The 
advantage of the boll is not apparent, and makers appear to be dis¬ 
carding it? Bono and Wheeler’s results further show that with proper 
distribution of the blast through tho bod the oxcossivo depth of fuol 
in many producers is unnecessary and disadvantageous, and that the 
depth seldom noed oxceod 3 ft. 6 in.; many producers give excellent 
results with wq|l under 3 ft. 


Arrangements for introduction of the Blast.—This is an im¬ 
portant question, and tho success of a producor is dependent largely 
upon a proper distribution throughout the fuol bod, otherwise zones 
at high tomporatures and the roverso may result. Illustration of 
a cool “ corn " through faulty design for air admission has beon givon 
on p. 235. 



Fia. 38.—Mason gas producer. 


In producers of larger size, chiofly employed for bituminous coals, 
the fuol is supported entirely by a thick bed of ashes, which servos to 
distribute the air supply from tho twyors. 

No grate, in the ordinary sonso, is usual 
for such fuels; tho trouble likely to 
arise with tho largo amount of ash and 
clinker in a largo producer is against 
tho employment of a grate. Tho bottom 
of tho producer extends into a circular 
pit containing water, which thus forms 
a seal, yet permits tho removal of 
ash and clinker at any point without 
interference with the working. The 
Mason producer, shown in Fig. 38, is a goo' 1 example of this type. 

In the Mond producor, the same arrangement of supporting the fuel 
bed on the ash already formed is adopted, but here, in place of the 
blast being introduced around tho centre, an exterior sloping “ grate ” 
attached to the lower sections of the producer extends right round 
the upper portions of the ash heap. A similar arrangement is illus¬ 
trated in the Alma producer, Fig. 39, designed by Bono and Whooler. 

This producer embodies the improvements suggested by Professor 
Bone’s experience in^he series of extensivo tests carriod out in con¬ 
junction with Mr. Wheeler. Distribution of tho blast with such a 
pattern “ grate ” is very, perfect, and large volumes of air can bo 
introduced with very even distribution, giving high rate of gasification 
and preventing zones of excessively high temperature developing. 
The clearing, of suih a grate from clinker, etc., is a more simple 



340 GASEOTJS FUEL [chap. 

matter than with one of the internal pattern, and bars ma£ be renewed 
at any time, since they are easily accessible. 

Smaller types of producers usually are fitted with grates which 
actually support the fuel bed and are of the closed bottom type, the 
* blast being sent into the ash pit and so rfp through the grate. Suc¬ 
tion producers aro almost invariably e£ the closed bottom type, fitted 
with a grate. The layer of ash* and clinker collecting on \he grate 
serves to protect it from excessive heating, since the zone of intense 
combustion is thereby raised some inches. In many types the grate 
is operated mechanically at intervals to permit clearing. Simplicity 



in action is required in'such a case, for at high temperatures some¬ 
thing may go wrong, and there is always liability to jambing with 
a piece of clinker. The area of the grate should be equal to, or but 
little less than, the cross-section of the body of the producer. Too 
small an area produces high blast velocity immediately above the 
grate, developing excossive temperature, which may lead to trouble 
in operating. 

W. L. Case (/. S. G. /., 1905, 594) discusses the conditions which 
a producer should fulfil. Summarized these are: uniform feed to 
preserve mifonfi depth of fuel, a considerable fuel depth to ensure 
uniform gas and complete gasification, means to maintain a loose fuel 
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bed and present packing, and ash bed of sufficient depth to prevent 
loss of good fuel and of internal heat, moans for removal of ashes 
without disturbing detrimentally tho fuel bed, lastly, uniform dis¬ 
tribution of tho air-steam bljst throughout the whole fuol bod. 

In considering those points briefly, it may be stated first that 
whilst mpchanically-oporutod foods offer theoretical advantages it 
is seldom that they are employed. Tho considerable fuel dopth 
mentioned has been shown already to be unnecessary, providing a 
depth of somo 3 ft. fi in. is maintained, oven with a rapid rate of 
gasification. Tho maintenance of a good ash layer above the blast 
inlot allows anj unconsumed carbon to bo utilized ; the sensible heat 
in the ashes is takon through tho producer by tho blast, tho ashes 
aiding in distribution. Condensation of steam is said to bo possible 
with oxcessivo ash, but the working conditions would liavo to bo vory 
exceptional, if the temperature of tho ashos was roducod sufficiently 
for this to occur. Continuous and regular removal of the ash and 
clinker must conduco evidently to steady working conditions. 

As an illustration of a modern produeor in which special attontion 
has boon givon to most of these points and additional ouos of con¬ 
siderable importance, the Kerpely may bo taken as a good example, 
tiie most recent pattern of which is shown diagrammatically in Fig. 40. 

Tho fuel is fed from tho usual closod typo of hopper, and on top 
of tho producer gearing is mounted for operating four bent stirrerB of 
different lougths, which rotalo on tlioir own axes, theso stirrers being 
continuously wator-coolod. In addition tho wliolo lop central portion, 
including the lioppor, rotates slowly, and tho fuel is thus broken up 
continuously during tho Btages whore caking occurs. Tho firebrick 
lining does not extoud round tho hottest zouo of the producer; hero 
a spaco is formed botwoen tho inuor and outor plates which is cooled 
by wator; this prevents clinker forming and adhering to tho sidos, as 
happens so frequently. Tho revolving “ grab. " through which tho air- 
steam blast is supplied and tho moans for automatic removal of the 
ash may be regarded as saliont foatures in thoflosign. 

The grata consists of a singlo oblong and sphorically shaped cono 
fixed eccentrically upon tho revolving wator trough. Tho eono is 
built up of a number of plates, through suitablo holes in which tho 
air-steam passes. By the situation of the holes and the revolution of 
the grate even distribution of tho blast takes place, but a vory im¬ 
portant further oontro 1 is introduced. In ordinary typos of producer, 
variation in the air-steam pressure is possiblo only a3 a whole. In 
She Kerpely producer tha air-steam pressure to tho centre portion of 
She grate can be varied as compared with tho exterior portion. In 
;he case of a large producer, should the outer zonos reach a 
aigher temperature, with a cooler middle zone, ljjio outer pressure 
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may be reduoed and the inner.raised- until uniform temperature 
attained. 



Fra. 40.—Seotional diagram of K'-rpely producer. 

The'iron water trough carrying the grate is mounted on a bal 
race and is rotated slowlji during working, one revolution in from 2 
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n to 4 hours, the eccentric position ot the grate and its oblong shape 
act in orushing down against the lower fixed plates ot the producer 
any lumps of clinker which have formed, so that it passes freely into 
the rotating trough, where ljy moans of a scraper it is discharged 
automatically. 

Removal and Destruction of Tar.—For engine work the gas has to 
be delivered cool and with only minute traces of suspended tar, other¬ 
wise trouble is experienced with valves, etc. Two methods of dealing 
with the tar are open : first, its removal from the gas, and, second, 
its destruction in the producer. For tho first the necessary plant 
will depend on 4ho character of tho fuel usod. For anthracite, a 
simple coko scrubber through which water is sprayed is sufficient, 
and because of the ease with which clean gas is obtained anthracite 
is employed almost universally for all smaller suction gas plants. 

Ordinary coko contains less volatile matter than any fuel employed 
in producer practice; the amount will bo dependent on tho tempera¬ 
ture of carbonization. A highly-carbonized coko may still contain 
1-5-2 per cent, of tarry matter, and this of totally different character 
to that in anthracite. Although present only to tho extent of one- 
fifth of that in anthracite its complete removal is moro difficult, and 
should such tar get to tho engine is much moro troublesome than 
tar from raw fuel. 

Sufficient attention has not been paid to tho different character of 
the tar from different fuels. The writer has seen gas from wood, 
which was like moderately dense smoko, used successfully in engines, 
with valves properly shielded from direct tar deposition. In other 
cases the slightest visible trace of some tar vapours givos rise to 
trouble. The tar from coke is tho ultimate result of heat up to the 
highest temperature reached in carbonization upon tho volatile matter 
of the fuel. It must partake closely of tho eharaetor of tho hard 
pitch left when tar itself is distilled, and offers groat resistance to 
destruction by further boat and removal by ordinary methods of 
water-scrubbing; should it deposit on a valve it quickly hardens and 
causes the valve to stick. In all plants whore coke is employed 
a sawdust scrubber is introduced between the coke scrubber and tho 
gas box. 

Water forms the most convenient medium for cooling the gas, 
and cooling and tar remoVal in smaller plants usually take place 
simultaneously, by tho use of coke scrubbers through which tho 
water passes. The cleansing effect probably is due principally to 
constant change in direction of tho flow of the gas by the irregular 
coke snrface, and the tar already deposited in the coke plays an 
important part in removing further particles of tar. In the coke 
sorubber, at lerst, the action is not a filtering one, as is often supposed. 
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Water and tar do not mix, and have so appreciable dblvent action on 
each other, and therefore, although generally used because of its 
great advantage of supply and cost, water is really a most unsuitable 
liquid for the purpose. 

Particular attention may be directed to the patents of Chevalet, 
in which coal tar oils are employed. He has shown that heavy 
paraffin oils will colleot the particles only mechanically, but that 
creosote and anthracene oils effect a solution of the tar, and the 
invention covers all oils from coal tar boiling above 150° C. (302° F.), 
preference being given to anthracene oil boiling botween 250-400° O. 
(482-750° I 1 .). , 

Tar itself then may certainly be regarded as a most important 
factor in removing further tar from the gas, and surfaces flooded with 
tar, against which the gases are forced continuously into contact, are 
very efficient. Water would appear to be actually derogatory to the 
cleansing effoct boyond its action in mere condensation. 

Many gas plants in which the ordinary coke scrubber is insufficient 



aro provided with a tar extractor, in which constant change of direction 
of the gas current is caused by means of suitablo baffles. In Fig. 41 
the National tar extractor is illustrated; the gas impinges on plates 
carrying a series of flanges, and finally passes through a sawdust 
sorubbor. 

In large plants, working on bituminous fuels, the gas is cooled 
either by sending it through horizontal chambers in which rotating 
paddles dash water continually up into the gas, as in the Mond and 
Crossley plants, Figs. 46 and 47, or by passing through cylindrical 
air-cooled towers, as in the Mason plant, Fig. 44, Wilson plant and 
others. In each caso the bulk of the tar will be deposited, but 
the gas requires further treatment to remove the finer suspended tar 
particles. 

Air-cooling would appear to have advantages over water-cooling. 
Bearing in mind the behaviour of hot liquids saturated with a 
orystallizable salt, rapid cooling precipitates the material in a finely 
divided state, slower cooling in a coarser crystalline condition. A gas 
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rapidly chilled Vill deposit its lar as a fine fog; slowly cooled, as 
heavier globules, far more easily deposited or removed. Again, in 
the formor the tar is very wet and more difficult to remove in later 
appliances than is dry tar, and the collection ol tho tar in a stato fit 
for sale or burning under boiiors is much simplified by the dry process 
Where provision of tho necessary water offers difficulties, tho advan¬ 
tages of air-cooling aro apparent, and although tho first cost is usually 
higher, the water consumption for cleansing purposes is woll holow 
half that in tho “ wet ” process, even whoro tho water is omployod 
over again. Air-cooled plants appear to ho finding increased favour 
for these roasons. 

The removal of tho remaining tar fog, aflor tho gas has passed tho 
usual scrubbers, washors or cooling towers, is effectod by oithor static 
or mechanically operated appliances. Static washors, of tho Livosny 
type, which are omployod in gasworks, cause tho gas to pass in a 
large numhor of fino streams through water and the layor of tar 
collected on tho surface. In Prof. Burstall’s static washer capable 
of dealing with 50,000 cub. ft. of gas per hour, a largo numhor of 
wires, fixed only at their upper ends, aro suspended in a rectangular 
tank 3 ft. 4 ins. in depth at tho inlet end, 3 ft, 7 ins. deep at tho outer 
end, with a dished bottom. Tho wires aro fixed in sections carrying 
58 and 59 wires alternately, so that a wiro in ono section is in lino 
with a gap betwcon tho two wires in tho sections boforo and behind 
it. There aro 117 sections, so that the total number of wires is 
approximately G780. Water is forced against tho top of tho wires 
from transverse pipes through holes at i in. pitch. Gas 

passing through the washer is thus bound to como into efficient 
contact with the wet wires. 

Prof. Burstall’s contrifugal extractor is constructed also with 
wires. The 30,000 cub. ft. per hour apparatus carries a 24-inch wiro 
rotor running at 1800 revolutions per-minute, inquiring about 5 II.P. 
to operate it. Tho gas enters the easing near tho centre and loaves 
at the outside, thus coming into intimate coi^act with the wires 
revolving at high speed, the wires being covered already with a thin 
tar film. Tho extractor can be worked dry, but it is stated to bo 
desirable to inject a small quantity of water to assist in cleaning tho 
wires. The extractor is very compact, and ono has been in continual 
UBe at Birmingham University since 1907, passing 30,000 cub. ft. per 
hour, the extractor being 19 ins. in diameter. While the extractor is 
in use tho gas does not pass through any final sawdust scrubbers, as 
is the usual practice. , 

The well-known Crossley fan extractor is shown in Fig. 42. Tho 
;as is directed to the centre of the fan on the inlet side and can pass 
io the exit only by travelling outwards on the inlet side of the casing 
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and back to the centre exit to the outlet pipe. Water i£ sent through , 
the extractor, and this with the separated tar is thrown against the 
casing, to drain finally to the tar sumph. 

A form of static tar extractor, which f has extensive use in coal gaw 
practice especially on tho Continent, is the Pelouze and Audouin's 




Fin 12 —Crotsley centrifugal tfr extractor. 


extractor. The principlo is that of sudden change of direction of 
How of small streams of gas issuing from,round holes in ono series 
of plates, and which impinge on plates correspondingly slotted, where 
tar from gas 'previously passed through takes up the fine globules 
from the fresh gas. , 
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Clayton »nd Skirrow (sea J. Gas IJg., 3007, 98, 6G0) investi¬ 
gated the efficiency of extractors of different typos on coal gas. 
After condensation, and hoforo any spocial treatment for removal 
of tar fog, coal gas showed from 3-25 grams of tar per 100 cub. ft. 
The Livcsey washer removed from 85 88 per cent.; the Felon zo- 
Andotiin apparatus, when tho differential pressure betwoon tho inlot 
and outlet was 2 ins., 97-99 per cent., hut the efficiency fell rapidly 
with lower differential pressure, r>. when the spood of the gas through 
tho orifices was reduced. With producer gas tho cage became clogged 
too rapidly. Experiments were also niado on producer gas with a 
Crossley fan extractor, capaldo of dealing with about 200,000 cub. ft. 
per hour, but ojt>rating much below this capacity. Hero, with a gas 
temporature of 84'' E., passing 50,000 cub. ft, per hour, the purification 
was 97'4 per cent, at tho same temperature, and with 100,000 cub. 
ft. of gas per hour, it was 93-9 por cont. 

Gasification of the Tar.—Much attention has been paid to this 
quostion, the obvious advantages of converting tho tar into perma¬ 
nent gas, thereby adding its calorific valuo to tho gas, and theoretic¬ 
ally, but by no means practically, rendering further scrubbing and 
cleaning unnecessary, are apparent. It may ho stated approximately 
that 1 ton of bituminous coal will yield at loast from 11-12 gallons of 
tar; about G per cont. by woight of tho coal, and with a calorific valuo of 
15,800 B.Th.U., the tar carrios about 8 por cont. of the calorifio valuo 
of tho coal, but it must bo remembered that this tar, when separated, 
has a commercial value of 14s. to 18s. por ton, and is frequently burned 
with every success by a suitable atomiser undor boilers. 

For large power plants gasification of tar is seldom attempted, 
but for smaller pressure plants and especially for suction plants for 
bituminous fuels, innumerable patent specifications have boon filed. 
Destruction of the tar may he of ono of tho two methods - 
(a)Simple distillation through hot zones ; n the producer. 

(ft) Distillation with partial admission of air so that tho tar 
vapours may be burnt to carbon monoxido (or dioxide) and water, 
those products passing through high temperature zones again. 

In the first system tho gas and vapours distilling from tho raw 
fuel are either causod to pass down through tho upper layers of tho 
hot fuel bed by suitable internal construction of the producer, or thoy 
are drawn off through suitably locatod pipes by means of steam 
injectors, and returned to the producer at tho zone of most intense 
heat. Interesting diagrams may lie drawn in specifications showing 
the path tho gases shoqld travel, but it is doubtful whether thoy 
behave as intended by the inventor. The proper adjustment of the 
pressure conditions for this must always bo a matter of difficulty. 

The value of the system of direct destruction by heat is very 
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problematical, and in this connection the work of Karl Bunte should 
be considered carefully. 

As early as 1845 Bunsen and Playfair showed that, with a 
bituminous coal, there was very liltlo difference in the amount of 
tar collected (a) when tho distillation products passed through a 
longth of cold fuel; or ( b ) when they wore forced to travel through a 
considerable length of rod-hot fcel; i.e., there appeared to bo very 
little destructive action on the tar. 

Tho economy which would result in ordinary coal-gas making if 
tar could bo converted easily into illuminating gas, did not escape the 
attention of gas engineers, but such attempts were not successful. 
Karl Bunto (./. Ons ljg., 1910,110, 957) points out that tar is com¬ 
posed mainly of pyrogonous products formed at the high tomperaturo 
of tho retorts, containing only a small proportion of the coal con¬ 
stituents in an unaltered (or slightly changed) condition, and that 
possibly those are tho only bodies capable of destruction at a high 
tomporaturo, tlioso portions which havo resulted already from high 
temperature reactions being capable of decomposition only at much 
highor temperatures than tlioso existing at the time of thoir 
formation. 

Bunto distilled two tons of coke breezo saturated with ono ton of 
dry tar at a tomperaturo of 10-50’’ C., and found the ton of tar yielded 
11,580 cub. ft. of gas of 470B.Th.Il. per cub. ft., equal to 15per cent. 
mhj of tho caloritio valuo of the tar; tho tar coko accounted for 
67 per cent, of tho calorific valuo (which would bo recoverable in 
producer gas working), but of particular importance is tho fact that 
the hydraulic main becanio blocked with a substance having the 
appoaranco of axle greaso, and equal to 24 per cent, of the tar. 

In tho second method the distinctive difference is in the com¬ 
bustion of tarry vapours by air; if this is complete it should yield 
nothing but carbon dioxide and steam. On theso products again 
passing through tho incandoscont fuel hod, tho carbon dioxido will bo 
convortod into tho monoxide and tho steam will givo tho usual water- 
gas reaction. 

This method has worked well in a nuYnber of producers of 
different design. In many thoro is an underfeed of raw fuel to tho 
producer, but many factors militato against tho working of such 
appliancos. In somo easos a worm feed has boon tried; Farnha has 
proposod a producer tho grate of which can bo raised 18 ins.; when 
a good coko tiro is established, a plate is pushed in to hold the fuel 
bed up, the grato then lowered, and tho intervening space filled up 
with bituminous coal. Such a method would appear to lead to 
interruption of the regular working of tho plant. 

In other plants stoam injectors draw off the gases and vapours, 
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returning thj>m below the grate so that they are carried up through 
the incandescent fuel by the blast. Double producers have, on the 
whole, met with most succoss; the first producer in which tho frosli 
fuel has been charged, undergoes tho usual bottom to top blow, tho 
gasos produced by the bias# togolher with tho tarry vapours being 
carried off at tho lop. Hero a second supply of uir is admitted, and 
the mixture passes downwards through tho second producer which 
is at a high temperature from tho preceding bottom to top blow. 

Tho natural development was to combino tho reactions in tho ono 
producer, drawing the final ga«os off at a point well below tho top of 
the fuel bod, where tho temperature is fairly high, and admitting air 
at tho uppor pifrt of tho producer so that it carries down with it the 
tarry vapours through tho upper hot fuel zones. As tho coked fuel 
roaches the lower sections, it is gasified by tho usual air-steam blast 
admitted at tho bottom. It is clear that success will he dependent 
largely on tho proper proportioning of tho two air supplies to fulfil 
tho conditions simultaneously of maintaining tho zone above tho gas 
outlet at a suitable temperature, of giving good gas, and properly 
gasifying the tar. The Dowson Suction gas plant for bituminous 
fuels (Fig. 53) is a good illustration of this typo. 

Electrical Separation of Tar.—In view of tho work of Sir Oliver 
Lodge and others on the dispersal of fog by high-tension electrical 
discharges, which act on a small scale in a wonderful manner, tho 
experiments of White, Ifacker and Steero (./. (!a* 1012, 

119, 825) on tho application of such discharges to tar fog arc most 
important. Thesis experimenters treated gas at temperatures from 
21-68-0" C. (75-150' and found tho elimination of tho tar so 
complete that tho gas appeared perfectly colourless and left only 
a faint brown stain on a piece of filter paper through which a cubic 
foot of tlio gas had been drawn, hi ono case tho small separator 
operated continuously for 5 hours, dealing wan the gas from 400 lbs. 
of coal (say, 2000 cub. ft.); tho ordinary condensors separated 12-8 
lbs. of tar and 12-2 lbs. of water, the electqy. separator afterwards 
throwing down 17’7 lbs. of tar and 2'S lbs. of water. 

\V. McD. Mackey (,/. <V. C. /., 1013, 523) proposes touting tho 
liability of fuels to give tarry deposits on valves in (ho following 
manner. Throe grammes of tho powdered fuel aro placed in a 
platinum cruciblo, It in. high, If in. diameter at top and 1 in. at 
bottom. The top is ciosod by a 4-in. clock glass, containing 20 c.c, 
of water. Tho crucible ja supported by asbestos board, the bottom 
projecting through a suitable hole, and is heated by the bunsen flame 
for seven minutes, the crucible bottom being just abovq tfie top of 
the inner cone. With a good fuel no tarry deposit is found, only a 
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whitish powder or stain on the glass; a bad fuol gives a distinct tarry 
doposit. 

Determination of the Yield of Gas and Efficiency.—Tho practical 
determination of tho yield of gas by diroct measurement offers con¬ 
siderable difficulty. The subject has been discussed very fully, and 
a description given of various methods tested, by Mr. E. Thelfall 
(J. S. C. /., 1907, 355). Tho most generally convenient way is from 
a determination of the total carbon in tho gases, deducod from their 
analyses. Tho following oxamplo will make the method clear. 

Coal (brown) employod—contained 57-7 per cent, carbon. 

Composition of tho gases— , 


Carbon dioxide.2-8 

Carbon monoxide.30 5 

Methane.20 


Ilydrogon, nitrogen, otc., need not be considered, but only those 
constituents containing carbon. 

Tho volumes first aro converted into weight by multiplying by the 
weight of 1 cub. ft. of oach gas in lbs. (see Tablo I., Appendix)— 


Volume in Weight of 1 Weight in cub. 
cub. ft. cub. ft. in 11*. ft. flbo 

Carbon dioxido . 2-8 x 01231 = 0-3455 

Carbon monoxido. 30-5 x 0-0781 =- 2-3820 

Methane ... 2-Ox 0-0447 = 0-0894 


Prom the composition of those gases, 44 lbs. carbon dioxide 
contain 12 lbs. carbon; 28 lbs. carbon monoxido contain 12 lbs. 
carbon; and 10 lbs. methane contain 12 lbs. carbon; thon— 

LI*, of c»rbon in gu. 

Carbon dioxido ...... 0-3455 x ' ; = 0-0942 

Carbon monoxido. 2-3820 x = 1-0210 

Methane. 0 0894 x \i = 0-0670 

Total weight of carbon in 100 cub. ft. gases 1-1922 lbs. 

As 1 lb. of fuel charged contains 0-577 lb. Of carbon. 

Yield of gas per lb. of fuel = ~ = 4.8-8 cub. ft., and per 

ton 48-8 x 2240 = 109,000 cub. ft. 

Tho efficiency of a gas produeor plant will be found from the ratio 
of the heat units in the gas to those in the fuel chargod. 

Tho cold gas efficiency would be obtained from tho calorific value 
and volume at 0° C. and 700 mm. In the hot gas efficiency it would 
be necessary to Sdd to this value the sensible heat of the gases as 
delivered to the furnace, reheaters, etc., deducing this from their 
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weight artB mean specific heat. In the case considered above the 
cold gas efficiency would be— 

Calorific value of gas (net) per lb. of fuel = 18-8 x 159 = 7700 B.Th.U. 

„ „ 1 lb. of fgel = 9790 B.Th.l'. 

Efficiency = x 100 = 80 por cent. 

Profossor Bone claims that the nrt calorific value of tho gas should 
ha taken, and that tho coal required for raising any steam for tho 
blast and for operating tho blower, together with fuel required 
equivalent to tho mechanical work of washing tho gas, should bo 
included, thiA is, an ovor-all efficiency. 

The approximate rating in B.IJ.P. of a producer plant is given 
by- 

B.1I.P. m tons gasifiod in 21 hours x 100. 


Volume of Air for Combustion of Oases.—It is important to know 
tho theoretical volumo of air required for tho combustion of tho 
different gaseous fuels, both tho theoretical and the amount general 
in practico. in conjunction with the thermal value of tho gas it is 
possible to compute the calorific value per cub. ft. of tho mixture 
entering tho gas ongino cylinder. Tlicso data are given for different 
fuels in Table XXXIX., p. 185. 

An important point is at once established, namely, that in spite 
of tho big difference in calorific value between llio rich and poor 
gaseous fuels, the mixture with tho amount of air required in practico 
will givo a higher calorific valuo with the producor gases than with 
richer coal and coke-oven gas. 

Pre-ignition of the Charge.—Tho cause of this trouble in gas- 
engine practico, duo to the charge firing prematurely on compression, 
is to be sought in tho composition of the hargo to tho cylinder and 
tho ignition point of tho gasos, providing that tho construction of the 
cylinder is good, being free from projections which may become over¬ 
heated and cause ignition. * 

It is well known that high initial compression in the cylinder 
means both higher thermal and cyclic efficiency, and the safe limit 
of compression is that below which pro ignition is unlikoly to 
occur. 

Pre-ignition is accounted for goncrnlly by a high percentage of 
hydrogen in the gas, the hydrogen having an ignition point somo 
60-70’ below that of carbon monoxide, for it is well known that with 
gases containing mainly carbon monoxido and but ’ittle hydrogen, as 
with blast furnace gas, compression may be carried safely to a much 
higher point than with coal gas. 
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The following avorage figures for the safe limit of compression, as 
given by Lucke, illustrate this point 


Compression pressure 
lbs. by gaugo . . . 
% clearance in terms of 
piston displacement 


Coal gag. 

Prodnci* 

Blast furnace 

Tetrol. 


g«a. 

Ka«. 


HO 

m 

105 

65 

'20' 

20 

17 

36 


It is by no means established that hydrogen is per sc the cause of 
pre-ignition, for although it is certainly ono of the principal con¬ 
stituents of gaseous fuels which will not stand high compression, the 
actual percentage in the undiluted gas can influence only fno quantity 
presont in the final air-gaB mixture, and it is the composition of the, 
mixluro which should receive attention. Taking tho data given in 
Table XXXIX., tho percentage of hydrogen in tho chargo with 
different gases, etc., will bo— 


Air in practico to 1 

Coni and 
coke-oven 
K«<. 

Producer gas 

Ammonia Non- 

rmitcry. recovery. 

Blast 

fortune 

ga>. 

. vol. of gas . . . 

. 8-0 

L-25 

1-25 

10 

Ifj in original gas . 

. 500 

25-0 

120 

10 

II., in chargo . • • 

. 5-3 

110 

5-5 

0-5 

Tho coal gas and non- 

■recovery producer 

gas mixtures with air 


carry about tho same percentage of hydrogon; it is nearly twice as 
great in gas where ammonia recovery is practised. Tho obvious 
inference is that hydrogen plays only a minor part, if any, in causing 
pro-ignition, and that some other constituents occurring in gasos 
which happon to ho rich in hydrogen are primarily responsible. 
Seeking for an obvious dilferenco in composition, tho writer believes 
that tho presence of unsntm-atod hydrocarbons, especially acetylene, 
may bo the factor chiefly concerned. From tho tablo of ignition 
points by Dixon and Coward (p. 5) it will ho seen that ethylene 
ignites 40’ C. lower than'hydrogen, whilst aeotylono mevj ignite' 
175° C. bolow, and the least difference between their ignition points 
is 140° a 
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• 

Non-bituminous Fuel. - The Xatmal Plant is illustrated in Fig. 43, 
Tim producer is of tho closed bottom typo with grate and is arranged 
in a pit, so that charging is a simple operation. Tho stoam injector 
is of the annular pattern, with both air and steam adjustable. Tho 
gas passes first through tho inverted t) tube, where sotno cooling and 
tar deposition tako plaeo, then through a pair of eoko scrubbers with 
water sprinklers at the top. Tho gas, leaving these and containing 
only a small amount of tar fog, passes through a tar separator of the 
pattern illustrated in Fig. 11, p. 211, and finally into tho gasholder. 
When tho plant is running on fair loads automatic control of tho 
steam injection, and consequently of tho air supply and gas make, is 
made by a cut-OtT actuated by tbo rising of the holder, as indicated by 
tho broken lino running from the framework of tho holder to a valve 
on the steam supply pipe. 

Bituminous Fuel Plant (non-recovery).—The Mason plant, 1 
illustrated in Fig. 44. is a good example of this typo of plant, in which 
atmospheric coolers are employed. Tho producers B aro of the type 
shown in Fig, 38. Kach producer is carried on four kick pillars 
and has tho usual walcr-sealod hotloi . A supply hopper P is 
arranged over each, to these hoppers fuel is carried by an olovator 
and convoyor 0. The air blast is supplied by a Roots blower A. 

Tho gas passes first into a dust cUcher C, then through the 
atmospheric coolers D in series to tho coko scrubber 10, through 
which water is sprayed. Tho remaining tar fog has now to be 
removed by the washing fans F, and after traversing a dash-boX 
passes through sawdust serubbers II to tho holder K. 

Ammonia Recovery Plant.—Refercneo has been made already to 
the general principle on which ammonia recovery is based and the 

1 This particular typo of plant is no longer manufacture! by tho Dowson A 
Mason Gas Plant Co. In tho most recent plant air-cooling by moans of numerous 
vortical iron condenser tubes Is employed, io conjunction Wth tho Moore Water* 
Jacket Producer. •' 
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necessity far keeping down the temperature in the producer by means 
of excess steam, in order to ensuro a good percentage of tbe nitrogen 
of the fuel appearing as ammonium sulphate. It bos boon pointed 
out also that, for economio working, the latent and seusiblo heat 
in the undecomposed stcitm must bo returned in somo way to the 
system, which necessitates additions to the plant boyoud those 
required in non-recovery plant. • 

The successful introduction of ammonia rocovory into producer 
gas practice was duo to tho scientific skill and eutorpriso of Ur. 



Fig. 44.—Mason bituminous fuojgas plant. 


Ludwig Mond, F.R.S. In 1879 Dr. Mond put up his first experi¬ 
mental plant for converting cheap bituminous fuels into fuel gases 
and the recovery of the valuable by-products. After many years' 
experimenting the well-known Mond recovery plant was established 
on a firm basis, and has been employed on a very largo scale. An 
extensive plant for the generation and distribution of the gas over a 
large area in the Midlands has boen in operation for somo years, and 
it was anticipated thltt other large districts would be supplied 
ultimately with cheap fuel for heating and power pnrposss, but the 
cost of distribution of a gas containing so large a percentage of 
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inert gas must militate always against economical transmission over 
long distances. 

The production of ammonium sulphate from coal is a most im¬ 
portant consideration, both from the point of viewiof the considerable 
monetary value, which may bo set off against tho first cost of the fuel, 
and from the national point in relation to tho supply of sulphate for 
agricultural purposos. Tho great increase in the production of 
ammonium sulphate in rccont years is illustrated in Fig. 4/5. It will 
be soon that tho greatest iucroaso has been duo to coke-oven plants, 
and this in a uioasuro indicates the progress in substituting recovery 
plant for tho old wasteful typos of plant. 



Pea. 15. -Diagram of progress in production of ammonium sulphate. 


Although in somo* cases yields of 00-100 lbs. are obtained per 
ton of coal, this would ho ovor-estimating tho production for tho 
bulk of English coals. The cost of production must vary with 
tho typo of plant, but,"according to Andrews and Portor, one ton 
of sulphuric acid at 30s. is required per don of sulphate, bags 
are estimated to cost 5s. por ton, and extra cost of handling Is. 6<f. 
Tho not value per lb., allowing for cost of acid and all manufacturing 
oxpenses, will bo from 0 8 to lif., so that a yield of 90 lbs. per ton 
of fuol gasified would effect a net saving of 6s. per ton on tho fuel, 
With slacks suitable for such producers frequently costing but little 
more than this in favoured districts, tho statement that fuol will cost 
nothing is not so incredible as at first sight it appears, when capital 
charges and tho extra cost of operating tho whole gas plant are not 
eonsidered. 
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The general experience with the earlier type of recovery plant of 
tlio Moml pattern was that recovery ili<i not pay for a rating of less 
than 2000 H.P. ami at a good load factor. Mr. A. Wollaston, in a 
paper on Moml gas in tho early days of its introduction, said, if the 
quantity of fuel to lie gasiljod does not amount to 30 tons per day, 
aud the necessary exhaust steam or vapour heyond that recovered 
from tho gas-cooling tower is nut ir'iulahlo, the sulphate recovery 
and evaporating plant are better dispensed with." Two hundred 
tons gasified per week was another way of expressing the lower 
limit for the older type plant, but with the more modern and less 
costly plant of the type introduced by Messrs. Crosslev and Mr. 
Rigby, it is claimed that leeoxery pays with little over lot) tons 
gasified weekly. 

Recovery Plant of Mond Type i Fig. 40).—The gas generated in tho 
producer A passes first into tho superheater It, thence into tho 
washer C, where, by division into suitable cliambors in which 
rotating paddles are operating, tho gas is cooled aud much tar 
removed. Ammonia absorption is accomplished in the acid tower 
]), tlm liquor collecting at the bottom of which passes into the tank 
K, and is pumped back to tho lank at tho lop of tho tower by a small 
pump. \ddltions of fresh acid are made from timo to time, as from 
3 to 4 per cent., of free acid must be pirsent for proper absorption of 
the ammonia. 

In tho washing tank the sensible beat, of the gas lias been 
converted largely into latent heal, iallied by the water-saturated gas. 
After the ammonia separator routes a gas-cooling tower F, where the 
boat is abstracted by water supplied from the tank at the top, Jo lie 
returned to the system later. 

From tlie tower F the gas passes to tho works; if for heating 
purposes it requires no further treatment; for power purposes tho 
remaining tar fog and moisture must bo removed by suitable rotary 
or static tar extractors, etc, f 

A most important point is to trace tiio syst nn by which tho heat 
units in the gas are recovered. As shown, tho water in the cooling 
tower F abstracts tho boat, and Lite hot water flows through tho 
tank G and is sent up by a pump to tho top of third towor tho air- 
saturating towor K. Through this lower the air blast is forced by 
the blower M slioxyn on the extreme right, and is met by tho 
descending current of hot water, which, after giving to tho m-goiug 
air the bulk of its heat iq the steam, is sent once again through F. 
Tho air blast, more or less saturated with water vapour, is sent 
through a main (shown at the top of the diagram, to avoid confusion) 
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inert gas must militate always against economical transmission over 
long distances. 

The production of ammonium sulphate from coal is a most im¬ 
portant consideration, both from the point of viewiof the considerable 
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Although in somo* cases yields of 00-100 lbs. are obtained per 
ton of coal, this would bo over-estimating tho production for tho 
bulk of English coals. The cost of production must vary with 
tho typo of plant, but,"according to Andrews and Portor, one ton 
of sulphuric acid at 30s. is required per ton of sulphate, bags 
are estimated to cost 5s. por ton, and extra cost of handling Is. 6<f. 
Tho not value per lb., allowing for cost of acid and all manufacturing 
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charges and tho extra cost of operating tho whole gas plant are not 
eonsidered. 
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to the superheater B, additional steam being added if the saturation 
is not sufficient. In the superheater tho blast takes up much heat 
from the issuing gases, and before entering the producer usually 
passes through an annular space round the producer itself. 

The Crossley Recovery pfant. —The outstanding difference between 
the older,ammonia recovery plant and that constructed under Messrs. 
Crossley and Rigby's patent a is tho reduction in tho number, or total 
abolition of, cooling towers. This bus led to a very considerable 
reduction in the first cost of tho plant. The first typo of recovery 
plant had one tower only, tho air saturation tower. In the latest 
plant no towermt all is employed. 

Tho general arrangement will lie followed from Fig. 17. Tho gas 
passos from tho producer A through suitable dust catchns to the 
superheater B, and from hero into the washer-condonser, in tho first 
sections of which C water is kept circulating and sprayed up into 
tho gas by paddles revolving at high sjreod, so that the gas is cooled, 
remaining dust romoved and tho heavier proportions of the tar. 

The ammonia absorption takes place in the subsequent sections 
DD. Instead of containing water, however, thoso contain a woak 
solution of sulphuric acid. The gas in passing through this washer 
comes into intimate contact with a spray of acid, and by this 
moans tho ammonia gas is absorbed. Fresh acid is added as tho 
absorption of ammonia goos on, care being taken that the excess of 
free acid does not exceed 0 5 por cent. Ily this means tho specific 
gravity of tho sulphate liquor gradually increases until it reaches about 
1T5, which is equivalent to 20 per cent, sulphate of ammonia. 

While tho absorption is going on the sensible heat still carried 
by the gases maintains the temperature of tho sulphate liquor at 
about K0 J C. 

Tho hot sulphate liquor is sent into another and similar washer, 
the air-saturating chamber K, shown above 'ho washer-condenser, 
for clearness, through which tho cold air from tho blower M is 
being passed. Tho hot liquor is sprayed b^ moans of paddles into 
the cold air, when an interchange of heat takes place, the air being 
heated and saturated with steam to a temperature of about 60' 0, and 
the hot liquor is cooled down to about 40'' C. The liquor is then 
pumped back again into the ammonia absorber, the whole operation 
forming a continuous cycle of interchange of heat. Tho volume of 
the sulphate liquor is increased gradually by condensation of steam 
in the gas and the addition of acid, etc., and periodically a corre¬ 
sponding volume of liqudr is run off into settling tanks, the light 
tar oils skimmed off, and then pumped by injector into the tank G 
supplying the evaporator F. 
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Evaporators.— The evaporator is fitted with c ppor tubes and end 
plates. Steam is admitted, and the liquor evaporated until its boiling 
point reaches 110' C. under a pressure of 1 On Kg. per sq. in. Fresh 
liquor is pumped in to make up for the loss due to evaporation. The 
exhaust steam from the evaporator and the hteam from the boiling 
liquor arc carried away by a special main into the air-saturator or 
blown to waste, as desired. 

When the liquor is concentrated Milliciently as above, it, is run out 
into lead lined crystallizing tanks and allowed to cool. 

The gas issuing at II requires fuither treatment for the 
removal of remaining traces of tar, if it is to he used in gas engines. 

It will he seen that the recovery of the latent heat from the steam 
in the gas after passing through the water washor, much of which 
latent heat is derived from the sensible beat of the gas passing in, by 
the evaporation ef the water, is returned to tbo system through tlio 
medium of the sulphate liquor, which itself becomes concentrated by 
evaporation. 

The yield ot gas per ton of bituminous fuel gasified for ammonia 
recovery is usually fioin 110,000-1.'>0,000 cub. ft.; and its calorific 
value ltn 110 H Tb U. On a basis of 115,000 cub. ft. at tbo lowest 
thermal value, the heat units per ton gasified would ho 10,1100,000; 
then as 1 ii.il.I 1 , hour can he obtained readily from 0,800 B.TIi.l"., a 
2000 11.T plant will require to gasify the fuel at the ralo of 1 ton 
per hour. 

No diltieulty is expeiiemed in the even distribution of fuel of 
fairly unifoini size, such as washed nuts, in a producer, but with 
cheaper low-giade fuels, in which there, is generally a considerable 
proportion of dust and fine coal and variable size in tbo larger pieces, 
distribution through an ordinary bop)K;r is by no means good, 
especially in large producers. Fur such fuels a double-cone arrange¬ 
ment of the hopper is preferable. An illustration of such a fcod- 
hopper (Kcrpcly patent) is given in Fig. IS. 

The outer cone A is vvoiked by the lever 11; tbo inner cono 
C by the lever 1). These cones can bo operated together, when 
the coal falls through the two simultaneously, lly operating oitlior 
cone independently the fuel may bo dropped to the outer or inner 
sections of the producer, as desired. 

• Suction Gas 

Once the principles of the production of power ga» by the action 
of air, or air and steam, on carbon bad been elucidated, the natural 



262 


GASEOU£ FUED [chat. 

development was to employ the suction stroke of the engine for pro¬ 
ducing the necessary current of air tfirough the producer. No more 
important invention from the point of view of the production of power 
• in small and moderate sized plant has been made, and the simplicity 
of working, the compactness of the plant find the wonderful economy 
of this system, as compared with the extreme waste of fuel entailed 
in nearly all the small type strain enginos, which suction gas plants 
are qualified more particularly to replaco, account for tho rapid 
advances mado in tho use of such plants in recont years. 

Although tho nse of such plants was confined to non-bituminous 
fuels for some years, and although such fuels are still those most 
generally suitable, the suction plaut now has reached such a high 



state of perfection that utmost any bituminous material sufficiently 
rich in carbon to give good gas can ho employed. Certain classes of 
bituminous coals, peat, wood-waste, spent tan, etc., may bo cited. 
Indeed, in any industry where carhunacoous material is a waste pro¬ 
duct, or at present is bhrnt inefficiently under boilers, the possibility 
of its better utilization in a suction gas plant should receivo con¬ 
sideration. 

In the ordinary type of suction gas plant the air and steam 
mixture is drawn through tho producer by the suction stroke of the 
engine. In some special plants, especially those of later date intended 
to deal with certain forms of bituminous fuel, a Ian is employed; up 
to the fan tho pressure is below atmospheric, and on the engine side 
above. In tho former the actual quantity of'gas to the charge is less 
than when gas,.is supplied at pressure; the volume is of course the 
same, and. an engine supplied with gas of identically the same 
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composition,*but in the one case made in a suoti n plant and in the 
other in a pressure plant, will not develop quite the samo power with 
the suction-made gas. 

It follows that the more resistance there is to the llow of gas, 
either through faulty designer undue length in the gas mains, or loo 
much resistance to How in the scruhhers, tho more dillicult will it ho 
to got maximum results with the engine. 

It is not proposed to enter into detailed consideration of the con¬ 
struction and operation of plants of various typos ; for such informa¬ 
tion the reader may he referred to Mr. I'. \Y. Kohson’s exceedingly 
practical liook hut to deal with the question generally, attention 
being directed more particularly to the principles involved. 

In the suction gas plant the essential point is the maintenance of 
a negative pressure right through tho system, from tho point at which 
the air enters tho producer up to the point where the gas passes into 
the engine cylinder or the fan, where employed. This entails 
particular attention to tho tightness of nil parts, especially joints, and, 
with one or two exceptions, ttie use of a closed-bottom type of pro¬ 
ducer. Leakage of air to tho producer itself through craeks in the 
lining clearly will give riso to trouble ; if in tho zono of active com¬ 
bustion, the dry air drawn in will develop very high local temperatures 
and cause further trouble with the lining, and tend to produce clinker 
at this point; if above the fuel bed, portions of the gas will ho burnt, 
the quality of tho gas being impaired, and tho gases will leave at an 
excessively high temperature. 

For a given producer it follows that the blast velocity through the 
fuel bed, and consequently tho aetivo depth of fuel, will lie dependent 
largely on the number of suction strokes the gas engine makos in a 
givon interval of time; in other words,the make of gas is proportional 
to the requirements of tho engine, tho apparatus being thus perfectly 
automatic. Some qualification of this statement is necessary where 
there are wide and sudden variations in the the demands of the engine, 
that is, with very variable loads, for it is ciea$ that the producer will 
bo much slower in adjusting itself to altered conditions than will tho 
engine, but this question is discussed in more detail later. 

Two independent supplies of air must Ire provided, the one from a 
blower of some description, to be used in starting up tho plant; the 
second for the Bupply once the plant is running, this air being aspirated 
through the producer by tho suction stroke of tho engine. Tho 
necessity for steam has been emphasized already, and the supply is 
arranged for by utilizing the sensible heat of the outgoing gas to 
vaporize water, the steam from which is picked up and earned into 


* 11 Power Gee Producer*," P. W. Hobson. Edward Arnold. 




Crossley plants. The container must have‘a sufficient fuel capacity 
to enable it to-supply the producer for about two hours, in order to 
avoid the vocessity for frequent charging. 
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Around* the top of the producor the vapor :or C is tutualed, in 
this ease it is of the hoiler type. Tito air inlet is shown at the top 
right hand, and the steam-saturated air passes down tluough a pipe, 
with a valve, to the closed bottom of the pi >dneer. The fan for 
blurting is shown all). '#lio hot gas leaving the producer passes 
through a vertical separator 11; in sonic plants this i- jacketed and 
tho in-going air thus pre heated, here dust is deposited, mid some 
tar condensed, which passes down into the water seal at the hotlom. 


The gas leaving the separator enters a UTtieal pipe, which extends 
upwards to tho open air through F. When stalling up the valve K 
is opened, so that all poorer gas 
may ho sent to waste until a 
suHieiontly good quality is oh- 

tained, as found hy its lair.. 

at a suilahly situated test. eock. 

When running 11 is of eoursn 
closed, tho gas then passing ) 
through a water seal into tho 
coko soruhherG. This provides 
all tho sertilihing required wlcut 
autliracito is llto fuel, hut when 
coke is employed an additional L ’’ rt 
scruhhcr must he provided. In 
the Orossley plant this is lived 
to tho lop of tho coke scrubber 

(l'tg. r, 1). 

From the coko or sawdust 
scruhhcr tho gas passes into the 
expansion box II, from which 
tho piston draws the supply for 
tho next charge into tho cylinder. 

Generally it is regarded as desirable hu tho volume of Hie expansion 
box to bo at least three-quarters that of the cylinder charge. The 
expansion box provides a supply of good gas ready to fill the cylinder 
in the short space of time occupied by tho suction stroke, which 
would not be the easo had if, to draw directly on tho pipes, coke 
scrubber, etc. It tends to minimize tho fluctuations in flow of the 
gas through the whole system which must occur between successive 
charging strokes. 

In order to determine when good gas is coming through, a tost 
cock is placed as near tho engine as is convenient, generally on the 
expansion box, nnd a further waste pipe is installed hero in order that 
the poorer gus from tho scrubbers and various connections may be 
swept out. 
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The o/m hearth type of suetion p'int is designed to'work with 
small fuol of non-caking character, such as coke breeze, anthracite 
refuso, oto., fuels inadmissible with the ordinary grate pattern. 

Tho Campbell open hearth plant is illustrated in Fig. 52. The 
points of radical diifcronco from the preceding type are the absence 
of a grate, tho open circular air spiice around tho dead plate A, tho 
yuporizor D, which forms the bottom section of the producer, the 



A, Dead plate; H, Vaporizer; 0, Ktoam distributing ring; 
1), Troll<*v carrying dead plato; E, Gas cooler; F, Water 
seal; G, Scrubber; a, Water supply to vaporizer. 


top part of which only is lined with firebrick, and the circular steam 
ring C, running round the extreme bottom of the producer. Ash and 
.clinker are thus removed readily, and with the lower sections of 
water-cooled iron plates clinker cannot adhere. The dead plate is 
supported on a column which is mounted on wheels, so that it may 
be run out when the producer has to be emptied (D). Accessibility is 
a great feature of this design. 

It will be seen that the gas passes first into the separator, which 
is water-jacketed, the gas pipe.having several flanges upon it to assist 
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in codling *the gas. Here the water for the vaporizer becomes 
heated, at the 6ame time cooling the gas, to that heat is returned 
to the producer. From tiro upper part of the vaporizer a pipe leads 
down to supply the steam ring situated immediately on the bottom of 
the vaporizer. Ample provision is made of cleaning doors to the 
vaporizer, so that scale, etc., from the water may he removed, as 
necessaA'. * 

Starting is accomplished by a fan attached to the expansion box, 
thus drawing the air and gas right through the system to this point, 
where it is sent to waste through a suitable pipe. During stinidhv 
periods a second waste gas-pipe is provided at the top part of tiro 
separator. 

For ordinary fuels cleansing of tin' gas is done hy the usual coho 
scrubber. For dusty fuels a special dry scrubber may lie necessary. 
With bituminous fuels, the tar is removed hy a centrifugal extractor. 

Suction Gas fhom Bituminous Fi ei.s 

Two types of plant are in use for tlio production of suction gas 
from bituminous fuels, which may he taken to include non caking 
coals, peat, wood-waste, etc. in tlio one, chiefly for operating with 
coals, tar destruction is aimed at ; in the other type, which is more 
generally favoured, tar removal is accomplished first hy tho usual 
condensation and in scrubbers, the remaining “tar fog" being dealt 
with by a fan extractor situated hot ween tlio scrubber and the 
expansion box. 

Many suction producers for tar destruction have Been designed; 
all depend on causing the distillation products from the fuel to pass 
through a section of the fuel bed at a much higher temperature. 
This portion is the one in which the coke produced hy the distillation 
is undergoing the ordinary producer gas reactions with a steam- 
saturated air current. Tho Dowsou plant is chosen for illustration 
of this principle because, as will he seen later, it has proved cllieienl 
in many cases over an extended period. 

The plant is illustrated diagrainmatically in Fig. 53. 

The producer is So constructed that tho gases arc withdrawn 
about halfway up tho fuel bed. Tho air-steam supply passes into 
tho water-sealed bottom of the producer, this water-seal permitting 
tho withdrawal of clinker and ash during working, and a secondary 
air supply is admitted at the top of the producer, which is open. 
The heat resulting from.^be actions in the lower sections of the fuol 
slowly distils out the volatile constituents of the raw fuel lying in 
the upper sections, and these are drawn down wil‘i air for their 
combustion through a zone at high temperature os a'level with 
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and a littlo above the gas exit. The coked fuel thus? gradually 
works downwards to the section whore the producer gas reactions 
proper take place. 

Tho hot gases pass through a vaporizer where they are cooled, 
at tho sanio timo raising tho necessary sttam for tho plant. Aflor- 
wards they pass through suitahlo scrubbers and finally a saw-dust 
qcrubber. Where there arc several onginos, or gas has to'bo sup¬ 
plied for heating purposes also, a gasholder is providod. This is 
unnecessary with only one engine, tho gas production boing regulated 
by a suitable governor. It is claimed that with ordinary bituminous 
coal, lignite and some othor fuels, the tar is removed completely 
in tho producer, and no mechanical or other tar oxtractor is required. 



Mr. Powson (Inal. Merh. 1911) stated that ono of these 

plants (500 11.1’,) has been working regularly at West Bromwich 
since 1908 on fuel of the following composition ; — 

Fixed carbon ..55 per cent. 

Volatile hydrocarbons.•')<) „ 

Moisture .8 „ 

Ash.7 „ 

Tho cost per ton is 8s. Tho consumption has been about 1 lb. 
pev I.II.I*. hour, which includes all stand-by, cleaning and starting 
losses. Another plant of 700 II.F. was installed in 1909, and the 
two supply thirteen gns engines, previously worked on anthracite 
pressure gas. -(The composition of the gas from the larger plant is 
givon as— 
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CJlrbon monoxide . . . 

. . . 93-9 per cent. 

Carbon dioxide .... 

7.*> 

Hydrogen. 

. . . 1G0 „ 

Methane. 

. . . 10 „ 

Nitrogen . . ... 

. . . 51 9 


Other sots ot smaller rapacity arjj in use, working on coal ranging 
from G*. to S*. per ton, find tlio plant, lias boon adapted for use for 
sizes from 2d JI.l’. upwards. 

Dimensions in Suction Plants. Although it is dear that them 
must be a goneral relationship hot ween the si/.o of the engine cylinder 
and the numfler of strokes mado and the sectional area and fuel 
depth of the producer, in order to give good gas with the givon 
velocity of the air and gases in the producer, the actual dimensions 
vary within very wido limits in different plants. 

The crofis-wtitui of small size English producers varies from about 
G-9 sip ins. per II. 1’.; thero is a proportionate reduction as tho 
power increases to about -i sip ins. for 20(1 II I’. A fair average 
appears to lie 7-H sip ins. for plants of 20 II.I’, and less. When 
coke is used the dimensions are increased with advantage. 

The i/rnli ’ min with small si/e producers is the same as the fuol 
section. Witli larger sizes thero is generally a reduction, in somo 
cases as much as GO per cent., though this is excessive. 

It is claimed for the reduced grate area that, since the velocity of 
the blast is thereby increased, at light loads the fuel is kept at a kilter 
temperature and the lire responds more ipiickly with increase of load. 
Tho blast being directed more to the centre of the producer high 
temperatures around the lining are not so likely to develop, with 
consequent formation of clinker; into the dead space around the 
grate largo pieces of clinker can lie pushed ulnio working, to lie 
removed later. 

The fur} (le/ilh (i.c. from tho lower edge of tho container) is not 
less than 1 ft. 9 ins. in the small producers, increasing to about 3 ft. 
for 200 II.P. 

Mr. Burt gives tl.i mbir ,«/«,//// of producers as: 20 B.TI.P., 
012 cub. ft.; 40 U.IJ 1’., 011 cub. ft'.; 100 BIU’., 01K cub. ft. 

Since during a week’s run it is possible to remove -mly portions 
of the clinker, some must always he accumulating and can he removed 
only by emptying the producer; the area and capacity must he 
sufficient to allow fur this. 

The snubbers have a capacity of from 0 75 to l cub. ft. per B.IJ.P. 
for anthracite. They ate packed at the lowei part with coke, of a 
size equal to about 3-4-in. cubes, and at the uppe* part with 2- 
inch cuties. Tho coke requires removal about evory six months. 
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A fair water consumption in the scruhbers is about 1'25* gallons per 
hour per B.H.P., but often this is exdteeded greatly. 

Mr. W. A. Tookey says that under the best conditions 36 lbs. of 
antliraeito can bo gasified per square foot per hour, this being equiva¬ 
lent to 1 lb. (1 B.ll.P.) for 4 sq. ins., and regards this as the probable 
practical limit, as above this the air "velocity would be so high that 
coros, blowholos and clinker would form, with much dust alid small 
carried forward, 

The general averago gasification per square foot is given as 24 lbs., 
equal to 1 lb. to 6 sq. ins. area. With coke 18 lbs., equal to l Ik to 
8 sq. ins. area. With poor fuels, the rate per square foot per hour 
may ho as low as 12 lbs. ' 

Variation in Gas under Changing Load.—Although the suction gas 
plant is capablo of a groat deal of self-adjustment when in operation, 
it is certain that the quality of the gas is not the samo at all rates of 
production. In general, the gas has tho best composition, and hence 
the maximum calorific valuo, at or near maximum load. The draught 
through the producer is now most uniform and of sufficient velocity 
to give a good depth of incandescent fuel, so necessary for the 
production of good gas. 

Reduction of tho load, on whichever system tho engine is govorned, 
decreases tiie blast Velocity, the depth of incandescent fuel is lessoned 
and its tomperaturo follows. Consequently, the proportion of cnrlxra 
dioxide in tho gas increases at the expeuso of carbon monoxide. Mr. 
Dowson (Ins!. Merit. Km/., 11)11, 336) gave the following results for a 40 
B.1I.P. onginc, working on gas coke, the no-load test being of three- 
quarters of an hour duration : - 

J'er cent by volume. 


Carbon monoxide . 


fc'llll foul. 

. . 27-6f> 

Nu buhl. 

2-2-4 

Hydrogen . . . 

. . . . 

. . 9-Ha 

70 

Carbon dioxide . . 


. . 3-80 

4-9 

Oxygen .... 


. . 0-3 

0-5 

Nitrogen, etc. . . 


. . 58-4 

65-2 

B.Th.l'. per cub. ft. 

^ t/rosx 
) W‘t . . 

. . 128-9 
. . 1230 

1010 

970 


In further tests at the Royal Agricultural Show (Derby, 1906) 
quoted by Mr. Dowson (he. fit.), a still greater difference in composition 
is shown and one other important comparison rendered possible, 
namely, between no-load conditions maintained after a cold start and 
no-load conditions after the plant had run an hour on full load, time 
having been allowed for normal equilibrium to be attained. 
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SflcoMhoar, 

Aflflr 


ool.i iUrt. 

full l««d. 

Carbon monoxide. 

12-45 

18-30 

Hydrogen. 

1215 

1300 

Melhano. 

20 

1-2 

Carbon dioxide . *. 

10 1 

9 05 

Qxygen. 

— 

0-3 

Nitrogen. 

03 .1 

58-55 

B.Th. U. per cub. ft. j 

105-8 

070 

122-8 

113 5 

The better gas obtained after the 

producer 

has heated 


thoroughly is flue to generally higher temperature, ami once a good 
depth of iiicandoscont fuel has been produced it takes a longtime for 
it to be reduced to such an oxtent that poor gas is obtained when the 
■ engine is running light. Thoso results have a hearing also on the con. 
ditions maintained during stand-by periods. It is false economy to 
try to cut down the fuel consumption to the minimum possible. For 
one thing, over a long period, such as over-night, some alterations of ex¬ 
ternal conditions may take place and the tin; may die out. Again, the 
producer temperature may bo so far reduced that an unnecessary long 
interval may ensue before it is producing good gas when the load is 
applied. A cool producor henco will necessitate the load living put on 
more slowly than if a reasonably high temperature has been maintained 
during stand-by timo. 

Probably the most frequent advorse criticism of suction gas plants 
is based upon their reputation for not responding quickly to variation 
in the load. Experience now has enabled makers to adjust the various 
sections of tho plant, especially of the producer, so that reliability for 
all reasonable fluctuations is assured. Sudden and wido changes of 
working conditions will cause trouble unless special steps are taken 
to overcome them, and tho conditions leading’ to failure in this respect 
must be considered in detail. 

It has been mentioned already that, within limits, tho mako of gas 
is proportional to the requirements of the engine. If the engine has 
been running at a fairly good load, the producer will lie making good 
gas for these conditions, tho depth of incandescent fuel will have ad¬ 
justed itself to the velocity of the induced air current, given a proper 
system of obtaining the right air-steam ratio, the temperature will be 
satisfactory and good gas obtained. 

With a steadily falling load, the inspiration of air will he less fre¬ 
quent, the incandescent zone will be reduced, the steam supply will 
diminish automatically, either by reason of the lower temperature of 
exit gases in producers with boiler vaporisers, or tbftfugh hand or 
automatic adjustment with flash vaporizers. The excete steam, if 
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saturation has not been attained with normal working, wKl lead to a 
quicker cooling of the firo and assist mutters. The gas made will be 
quite satisfactory for use, although analysis will show it to he of 
' reduced quality. So tho conditions will adjust themselves throughout 
right down to those of no-load. f 

Similarly, with gradual list! of load, the producer will work itself up 
to tho host conditions, tho steam supply, with "boiler” vaporizers, 
being last to respond; but this is an advantage, for in working up 
diminished steam will eatiso a more rapid rise in temperature of the 
fuel hod. 

It is when tho plant has boon running for some time on fight load 
or no load and suddenly has to supply tho demand for a heavy load 
that trouble is experienced. The engine demands a greatly increased 
volumo of ijmiit gas, and tho fire is under tho least favourable conditions 
for its supply at a rapid rate. Tho averago temperature of tho greatly 
reduced active zone is low. At every charging stroke of the engiuo 
the air-steam mixture is drawn through a bed of fuel too cool and 
too shallow for tho formation of good gas, the theoretical conditions 
for \Vhich have been considered fully in Chapter XII. The gas is so 
poor that tho charges fail to ignite, and unless the load is removed 
the engine probably will pull up. 

No trouble is experienced on the other hand whore the load is re¬ 
moved suddenly, for tho lire can he relied on to give much better gas 
than actually demanded lor running tho light engine. 

Where exceptionally wide variations of load aro exjierieticed, 
makers of plant provide for such contingencies, usually by making a 
direct connection between the gas main and tho cylinder, so that at 
every suction stroke some gas is drawn through tho producer inde¬ 
pendently of any governor employed, the quantity so taken being 
insufficient to cause explosion with tho air drawn in. A small 
proportion of the gas has to bo sacrificed. 

Steam Supply to the Producer.—Tho action of steam in producer 
practioo already has bee., discussed fully. Here it need only be re¬ 
stated that tho temperature of the fuel bed and consequently the 
quality of the gas are dependent upon a proper air-steam ratio, and 
that for tho host results this ratio bo maintained. Now this is one 
of the difficulties in tho operation of a suction gas plant with variation 
of the load. 

Taking first producers in which the stoam is supplied from water 
in hulk in the vaporizer, The amount of steam carried by tho in-going 
air will depend primarily on the air tomperatui e, hut with the water 
more highly teited steam in excess of the saturation amount may ha 
curried forward in suspension. Theoretically, in system properly 
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balanced to give nothing but carbon monoxide from the air-ciulxm ro- 
* action and carbon monoxide and hydrogen from the simultaneous 
steam-carbon reaction, each pound of carbon will require 3'3l> lbs. of 
air and 0 64 lb. of steam. The steam per |xnurd of air will lio 


0-64 

3'3G 


019 lb. Prom tho cufves given in Pig. 37, p. 237, tho tempera¬ 


ture of the air corresponding to this degree of saturation is 117' P. 
(64° C). 

Two factors combine in enabling an actually greater quantity to bo 
employed. The above figures are deduced from consideration of 
ideal conditions, no heat being supplied outside that arising from tho 
air-carbon reaction, and none lost in tho whole system, in practice, 
tho blast is always at a moderately high temperature, in many eases 
is superheated. It follows that a larger proportion of steam to air 
may boomployed without reducing tho temperature unduly. Secondly, 
tho gases escape at a high temperature: according to Garland and 
Kr atz (see p. 234), 5904)00 ’ C. (1100 P). A 25 per cent, increase in 
the steam in practice over tlrat theoretically demanded gives about 

OS 

0-3 Hr. per lh. of carbon; per lit. of air tills is = l)-23s; (ha 


corresponding saturation temperature is 15i 1 I’. (IjS" (I). 

According to experiments made by K. A. Allcut (/«-/. Mnh. l'.mj., 
1911) with a small suction producer, tire maximum amount of steam 
which can be decomposed by anthracite at 1000'C. (1332 l'\) isnlroiit 
0 535 lb. This, on tho theoretical air basis given above, would corre¬ 
spond to ft saturation temperature of 14.3 P. (02 C.). High steam 
ratio should mean high hydrogen content in tho gas, providing the 
Bteam is decomposed. Allcut found there was no further' appreciable 
rise in hydrogen after the water feed reached 075 lh. per lb. of coal; 
this corresponding to a decomposition of 72 per cent,, of the steam. 

It is necessary, therefore, to have some control over the steam-air 
ratio to get tire host results with the normal load. With vaporizers 
situated at the top of the producer and containing water in bulk this 
is not easy to arrange, and for this ronson ftany makers provide a 
“ flash ” type of vaporizer, the cold food to which can bo adjusted 
by itand or automatically. With Iroilor typo vaporizers, providing 
the arrangement is such tlrat tho maximum permissible saturation 
temperature is not exceeded at or near maximum load, no excess of 
Steam should go forward. Some vaporizer s get much bolter and tiro 
air becomes super-saturated, tire mechanically held particles lreing 
vaporized completely inter at higher temperatures. To overcome 
this a secondary supply of dry air sometimes is admitted indepen¬ 
dently, and the actual steam-air ratio controlled try adjustment of tho 
dry and saturated supplies. 
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Variation of Steam required with Load.—Assuming a steady and 
correct rate of vaporization has been attained for the engine running 
at a good load, the suction of air over the heated water being regular, 
when the load is reduced the engine will either miss taking a charge 
at intervals or draw in a reduced charge, according to the system of 
governing. At high load the hut zono of the fuel is nearer the 
vaporizor ; for some minuteq after the load is reduced it hardly 
recodes anil tho gases made are still at their hottost. With a boilet 
typo vaporizer stoam lienee will ho given off as readily as at full 
load. 

If tho air were not saturated under normal full-load conditions, 
due to its relatively high velocity through the vaporizer, the 
reduction in velocity caused by the less frequent inspirations will 
cause it to become more highly or completely saturated, leading to 
more rapid cooling of tho fire than otherwise would bo the case; but, 
as has been shown, this is of no moment, for tiie demand for the 
best possible gas lias ceased. After a time the temperature of the 
vaporizer would fall, duo to tho lowering of the depth of the in¬ 
candescent zono, and tho lowor average temperature of the gases and 
the stoam supply would become adjusted ultimately. 

On application of the load, tho air is drawn over the water in the 
vaporizer more rapidly, a low steam ratio is attained, tho water-gas 
reaction is diminished, and tho air-carbon reaction accelerated. 
Consequently, although poorer gas is obtained for some minutes, 
which may fail even to givo ignition, the requisite temperature in the 
producer is attained more quickly. 

Tho foregoing remarks apply to producers with vaporizors 
containing water in hulk. On theoretical grounds the amount of 
wator supplied should ho proportional to the work demanded of the 
engino; at full loads the gas should have the highest calorific value, 
which is to ho attained by the increased ratio of the water-gas 
reaction. For this reason “ Hash ” typo vaporizers are employed in 
many forms of suction plant, this being tho only pattern availablo 
which can respond riadily to variation of the supply of wator. In 
many cases the actual amount vaporized is determined auto¬ 
matically,- almost invariably by tho suction effect from tho cylindor 
on drawing a gns charge. 

Again, with sudden change from good load to the extreme of no 
load, the cutting off of tho water supply has no effect on the running 
of the engine; it keeps the fuel bed better up* to temperature for a 
time in two ways—first, the endothermic steam-carbon reaction is 
reduced; second, tho gas is poorer since 'it contains a greater pro* 
portion of "we-carbon gas, and the engine makes more frequent 
charging,strokes, so a more rapid draught is nraintained. The fire 
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is more reqfly to respond once again to full-load conditions, if the 
demand ariseB in a reasonably short interval. 

On the other hand, supposing the plant to have been standing or 
running on no load for some time, tho tiro is uml< r least favourable 
conditions for the production of good gas. Air alone would bring it 
most quickly up to the requisite temperature and depth, but if tho 
automatb suction control comes into operation tho full steam supply 
is admitted at tho very time when the tiro is in tho most unsuitable 
condition to have the strongly endothormic steam-carbon reaction 
thrust upon it, and would take longer to reach proper conditions. 

Opinion differs greatly as to the advantages of latiler type and 
flash typo vaporizers, and with the latter as to whether or not the 
supply should bo controlled automatically. In view of tho number 
of plants working with ovory satisfaction on either system them does 
not appear to be any marked advantage with either. If operated 
intelligently tho most favourable results ought to ho attained with 
hand adjustment to a flash type vaporizer witli visible water supply, 
hut whether the average attendant, often very unskilled, could give 
tho proper attention is open to question. The saving clause in 
practice is that wide and sudden variations in tho load are tho 
exception, and that for ordinary working fluctuations tho natural 
self-adjustment of tho producer conditions to the demand is 
sufficient. 

An ingenious form of steam regulator is that made by the Umpire 
Oil Engine Syndicate (see /.’«</., lull, 91, 71U), especially for marine 
suction plants, where far wider fluctuations have to ho provided for 
than in factory use. 

In tho air supply pipo to the producer a copper coil containing 
methyl alcohol is fixed. Thu coil bends over at the top and 
communicates with a flat chamber filled with heavy oil; this 
actuates a flexible diaphragm and, through suitable levers, tho 
balanced steam valve controlling tbo supply generated in a separate 
boiler and admitted to the air trunk. At full load tho proper air- 
steam ratio is provided ; tbo load falls and loss air passes through, 
owing to the greater quantity of steam now present the temperature 
in tbo air supply pipe rises, the methyl alcohol exert j a much higher 
vapour pressure, ami tho steam quickly is shut off. 


Exhaust Oases in Lieu of Steam,— Owing to the increased liability 
to pre-ignition to which it is claimed a gas containing hydrogen is 
liable, which limits tbo compression and hence efficiency of an 
engine, it has been proposed to replace steam in the blast by the 
exhaust gases from the engine. Those consist of carbon dioxide and 
nitrogen (water vapour in this case being negligible), and the 
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interaction of the carbon dioxide with more carbon ence again 
generates carbon monoxide, by an eddothermic reaction. 

The calorific value of the gas produced is about one-third lower 
than ordinary suction gas, but this is not regarded as important since 
the calorific value per cubic foot of tlje mixture supplied to the 
cylinder is in any case reduced to*about half that of the gas itself, 
say, 00 li.Th.U. (1. M. S. Tait found that with ordinary sucfJon gas 
at the usual compression tho output of a particular producer plant 
was 100 H.l’.; with the exhaust gas system the compression was 
raised to 200 lbs., when the output attained was 126 H.P. 

Fuel however always contains hydrogen and some moisture; 
moreover, the air drawn in is never dry, so that hydroj'en cannot l>e 
eliminated as a constituent of tho gas, although its amount is 
reducible. With ordinary suction gas the hydrogen content would 
not oxceed 15 por cent, with proper steam-air ratio, and hence the 
cylinder charge would contain 7 5 per cent, as a maximum. 


Fuel Consumption in Suction Plants. - The low fuel consumption 
per* 15.11.1’, is one of the outstanding featmos of the suction gas 
plant, and astonishingly low consumptions have been attained in 
special tests. Under ordinary running conditions at or near 
maximum load, the average consumption of anthracite is between 0 7 
and 0-8 lb. per B.H.P.-hour, hut taking all conditions of load, an 
estimate of 1 lb. is a safe figuro to take. Bituminous fuel plants 
will give a consumption of 1 lb. at good load; with peat (theoretically 
dry) about 2 lbs.; with avorago wood containing 50 per cent, 
moisture, 3-1 lbs.; hard dry woods, such as oak, ash, etc., require 
little over 2 lbs.; spent tan, with 50 per cent, moisture, about 
4-5 lbs. 

The com position aud calorific value of the gases from peat and wood 
respectively are— 


l 

I'-ut, a mane 
moisture 

Wood 

llydroged . 

. 10-5 

9-75 

Methane. 

. 3-2 

4-75 

Unsaturated hydrocarbons. . 

V 

2-42 

Carbon monoxide. 

. 2G-3 

1745 

Carbon dioxide. 

. 75 

13-57 

Nitrogen (difference).... 

. 52-f? 

5206 

Total combustibles .... 

. .400 

34-37 

B.TJjJjJ.. per cub. ft.) gross . . 

. 151-7 

192-8 

,ftt GO* F. (calc.) j net . . 

. 112-7 , 

1791 
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With gbod anthracite the yield of gas in a suction plant is alwut 
90 cub. ft. per lb., and its calorific value about 130 B.TIi.U. per cub. ft. 
Coke yields about 75 cub. ft, of much the sumo calorific value. With 
anthracite of 14,000 B.TIi.U. and coke of 11500 B Th.U. per lb. tho 
thermal efficiency with anthracite is 84 per cent,, with coko 78 per 
cont. 

It is convenient to remember than for approximate compulations 
1 B.H.P.-hour is equivalent to the round figure of 10,000 B.Th.U. 
supplied to a gas engine. With the figures given in tho preceding 
paragraph, tho number of cubic feet of gas per B.H.l’.-bour is 77 5. 

The consumption of fuel in a auction gas plant is somewhat 
greater in small sized units than in large plants, Imt above, some 
95-30 1I.1\ the consumption diminishes but little |kt |f.l\ hour with 
the larger sized plants. It is well known that at reduced loads tho 
relative fuel consumption per II. 1*. hour is greater than at full loads. 
In the Derby trials of tile Bojal Agricultural Society tho average 
consumption at half load was ldi times greater per If. I*, hour than tho 
consumption per 11.1’. hour at full load. Macdor lias given results 
which show that (lie fuel consumption at 70 per cent, of the maximum 
load was I'd times greater per II. 1’. hour than at the maximum, and 
at 50 per cent, of the maximum 1-18 times as great. 

As tho fuol costs vary with the load the selection of tho plant of 
suitable rating for the avorngo demand fo- power is impoitant; work¬ 
ing a plant at low percentage output is clearly uneconomical. 

Control of Gas Plants by Analysis, etc.—Where a large plant 
is installed regular analysis of the gas should be made in order to 
keep a proper control over the working and ensure tho liost results. A 
complete analysis is quite unnecessary; in general the eariion dioxide 
alone will afford valuahlo information as to tho ooursoof tho reactions, 
and this is tho simplest of gases to estimate By tho use of a carbon 
dioxide recorder, of the type used for estimating the excess air in flue 
gases (sec Chapter XIX.), a continuous record of the working of tho 
plant eould he kopt, and once a standard ?>f composition had boon 
established for a particular class of fuol, tho adjustment of tho con¬ 
ditions of air and steam supply to give such gas would ho roadily 
made. 

Frequent tests of calorific power should also lie taken with a 
suitable gas calorimeter. Xo doubt the recently introduced recording 
type of these instruments would be worth installing for a large plant. 

Even with small units, such as suction producers, a frequent 
determination of the carbon dioxide in a sample, which may be carried 
out in a very simple form of apparatus, would prove - w uod guide in 
working to get the best results. 
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Blast Furnace Gas 

This secondary product in the extraction of pig iron in the blast 
furnaco is a fuel of great importance, not only by reason of its utili¬ 
zation in that particular industry, but bocause there is, when economic 
appliances are introduced, a vast amount of energy available for 
•outsido uso. 

For generations iron was obtained in tho old open-throat furnaces 
and tho gases burned to waste. With the introduction of tho hot 
blast much of tho heat energy of tho wasto gases was returned to tho 
furnace in tho blast, and another portion utilized in raising steam for 
the blowers and for operating tho plant. This method is very 
uneconomical, but with tho introduction of large gas onginos of direct 
aotion for supplying tho blast and for generating olectric current, such 
great reduction of tho wasto gas consumption for the ontire blast 
furnace plant is possible that a large surplus is available for outsido 
purposes. 

Tho consumption of fuel for iron and stool production in this 
country is estimated to be botwoon 10-12 million tons per annum, 
and it may ho claimed safely that a saving of somo 20-25 por cent, 
would ho effected if all plants wore equipped with modern gas onginos 
or steam turho-goworating machinery. Tho difficulty is, of course, 
largoly ono of capital expenditure and distribution of the surplus 
energy at a remunerative figure, when the high capital charges for 
such distribution are taken into account; and oven with poor methods 
of utilizing the gases, by burning under boilers and using tho stoam 
in reciprocating blowing engines, thoro is always plenty of surplus 
gas, so that economy is of littlo uso without profitable outlet for the 
increased surplus. On, tho North-East coast largo quantities of 
coko-ovon gas and blast furnaco gas are being used for tho genera¬ 
tion of electricity, which is being distributed throughout tho district. 

According to Mr. A. K. L. Chorlton the relative proportion of 
blast furnace gas made And utilized profitably in Germany and this 
country was (1911)— 

Germany. KnRland. 

Producible . 1,340,000 1,000,000 B.II.P. 

Utilized . . 448,000 23,300 „ 

W. Dixon (Timrs En<;. Supjil., Oct. 25th, 1(111) gives the total 
power, production from blast furnace gas in large gas engines as 
1,033,509 B.H.P., of which Germany contributes 46-5 per cent.; 
America, 32-5; France, 5-4; Belgium, 4-6; Austria-Hungary, 2-4; 
Great Britauff^TN; and other countries, 6-2 per cent. 

The cost of electricity pitoduced from blast furnace gas varies 
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considerably'witk the locality. It may range fiom about A to \ of a 
penny per kilo-watt-hour. In the Wostphalinn district surplus gas is 
taken by the electrical powor company, the public supply price vary¬ 
ing from 0-36 to O'42d. per K.W.-hour. 

« 

Composition of Blast Furnace Gas. The hulk of the ii»n ore 
in this country is smelted with coke as fuel. In some districts of 
Scotland splint coal is employed. Sirico the furnaces are worked 
with an air blast without steam tlio gases partake nioro closely of the 
character of simplo producer gas; where coal is employed, the gas 
will Iks a mixture of producer gas with the coal gas resulting from the 
distillation of t!5o raw fuel. Necessarily, with different furnace con¬ 
ditions considerable variation in tlio gas is found, but Ilia following 
figures are a fair average ;— 


Carbon monoxide . . 
Hydrogen . . . . 
Methane . . . . . 

Carbon dioxide . , . 
Nitrogen. 


With 

W Mil 

toko furl 

hnr«l«-ml 

27-30 

27-30 

1-0-2-5 

1 -5-5 
2-5 -1 ft 

DO-12 0 

8-0 10 0 

57-0-00-0 

550-580 


The calorific valuo usually will bo from Do-105 H.Th.U. per cubic 
foot. The mean of samples from 78 Continental furnaces is givon by 
A. Witz as 110 H.Th.U. 

Estimate of Surplus Gas and Power Available. — With 
modorn blast furnace practice a little less than ono ton of coke is 
required in the production of one ton of pig iron. Some of (ho carbon 
of tlio clmrgo passes out in the pig iron, but against this may ho sot 
tho carbon derived from the limestone (CaCO„) flux added, which 
passes out in tho gases either as carlion dioxide or carbon monoxide. 
Tor all practical purposes, it may ho computed then that for ono ton 
of pig iron obtained, one tou of carlion appears in the gases, and at 
ordinary temperatures there will be from 140,000-100,000 cub. ft. of 
gas per ton. 

Taking as a convenient example a furnace capable of giving an 
output of 1000 tons of pig iron per week (108 hours), tho iron per 
hour is 5-95 tons. 

Then, gas produced per hour = 150,000 cub. ft. x 5 95 - 892,500 
cub. ft. For heating th^ blast about 45 per cent, of the gases must 
be employed, and for power purposes connected with operating the 
furnace about 10 per cent, of the gas when utilized iiigas engines. 
The surplus gas wiii be found from :— • 
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Per ton. Per hour* 

Gas fur stoves, . 1 - 50,0 ^ ) X 45 = C7,*)0 - 92 ’ 5 ^ x 4 - = 400,000 

Gas for engines . 150 '™>< 10 = UK0 SWlOO = ^ 

Total gas utilized for plant. . 82.500 cub, ft. 489,250 cub. ft. 

■Surplus gas. 07,400 „ 403,250 „ 

Total gas produced . . C50,000 „ 89^000 „ 

For ascertaining tlio distribution of the beat units and the avail- 

ablo powor from the surplus gas, the calorific valuo may bo taken as 
100 B.Tb.U. por cub. ft., and of the coko charged as 12,000 B.Th.U. 
per lb. <■ 

Total heat units in coke per hour - 12,000 x 2240 x 5-95 = 159,000,000 
„ „ gas „ - 892,500 x 1(») - 89,250,000 

Percentage of total heat units in gas = ~ = M per cent. 

■surplus boat, units per hour 403,251) x 100 = 40,325,000 B.Th.U. 


For estimating the powor available, tho round figure 10,000 B.Th.U. 
per hour to give 1 B.H.i’. in a largo gas engine, with tho high com¬ 
pression possible with such gas, is approximately correct, then 

B.JI.P. per hour = ^ ()0() = 1000 B.H.I’. (approx.). 


Converted into electric energy, with 00 per coot, efficiency, this 
equals 3000 K.1I.P. per hour. Tito equivalent por ton por hour is 
670 B.II.l'. or 005 E.1I.P. 

On this basis ovory ton of pig iron produced por day will give an 
. , 4000 

output of 5.95 x ,j| = 23 II. [’., a figure in fair agreomont with 

estimates by several authorities. Tho annual output of pig iron in 
this country is botweert 10,000,000 and 12‘,000,000 tons, so that the 
available II.1’. on tho mean figure would lx) 


11,000,000 x 28 
365 « 


= 810,000 II.1'. 


por day per ton. 


The approximate distribution 
is given bnlow— 


of the heat units from the furnace 


Distribution of Heat Units 
from Blast Furnace. 

_ __I__ 

I ' I 

Expended in furnace. In escaping gases 6G per cent 

Direct from fuol 44 per cent. | 

RecdVercd in blast 12-14 per cent. ' j 

For healiitj'stoves For operating plant Surplus available 
23.per cent. > 6 per cent. f 25 por cent. 
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BLAST FURNACE GAS 2S1 

Cleansing Blast Furnace Gas. —As the gas leaves the furnaco it is 
hot, the aotual temperature depending on a variety of conditions, and 
in addition carries considerable quantities of fine dust, which must bu 
removed almost completely before the gas is lit for uso in engines. 
The amount of dust is very variable, depending on the character of the 
flux, the ore, and the fuel. Manganiforous ores, for example, generally 
give a Sigh dust content. 

E. Ilubcrdick (J. ('. S. /., 1905, 091) states that with solid ore 
the dust is from to 2-4 grams tier cub. metre (0-88-1-76 grains 
per cub. ft.), and with looso ore 4-6 grains per cub. metro (1 •70- 
2-64 grains por cub. ft.). R. Pokorny (Times Kmj. Supp., April 12, 
1911) says that it is economical to uso fairly clean gas for boilers or 
stoves; the boiler power may be reduced 40 per cent, by the healing 
surfaces becoming coatod with dust and dirt. Stoves working with 
90° C. fall in temperature can remain three hours in blast with clean 
gas, and only two hours with dirty gas. 

For use in onginos tho gas should bo cooled to 20' O. y(is ' R), and 
should never contain more than 0-1 grain of dust per cub. ft. 

Pokorny, in dealing with German practice, says the usual method 
is to pass tho gas to largo chambers, where tho heavier particles aro 
deposited, tlionco the gas, containing from 2 62 to 3 -5 grains of dust 
per cub. ft.., passos to vertical cooling chambers, where it moots with 
a wator spray, and further dust is removed, tho gas leaving at a tem¬ 
perature of 77' F. Then come centrifugal fans with water spray, 
which reduco the dust to about OK) grain per cub. ft., and with this 
content it is employed for stovos and bailors. For engino use, tho 
gas passes through a second sot of fans, where tho flush is reduced to 
0-008 to 0 003 grain. At tho Deutschor Kaiser Iron and Stool Works, 
Bruckhausen, a plant of this typo deals with over 14 million cult ft. 
of gas hourly, tho power required is 1800 H.P., and 109,000 gallons 
of water are used for this quantity. After settling and cooling tho 
' wator is used again. 

At Saarbrucken, Pokorny stales, a dry cleaning plant, dealing 
with 176,600 cub. ft. per hour, is in operation. Tho initial tempera¬ 
ture of the gases is 175-250 F.; these are conducted into a 
large vertical chamber, coarse dust deposited, and tho temperature 
reduced to 120-140' F. Tho gases aro now raised in tomporaturu 
by some 20-40', steam heat or tho exhaust from gas engines being 
used; this “dry”^as is then passoil through conical cotlon fabric 
filters, by means of induced draught, and the dust reduced to 
0-004 grain per cub. ft. and oven less. When the liltors liecome 
choked a current of compressed gas is sent through them in the 
reverse direction, the filter bags being agitated. TLVi/iBansing takes 
place automatica'ly every four minutes. The total cost.of cleansing 
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(including capital charges) by the fiipfc process is given‘as LA per 
10,000 cub. ft., and by the second process as less than one half¬ 
penny. 

* At the Barrow Iluunatito Iron and Steel Co.’s works, the gases 
aro sont into a conveniontly-situatod old flrnacc, whore heavier dust 
doposits, and then through a long length of large diametor main 
an'angod vertically on a \V systefn, so that tho gas is air-coolod and 
its direction repeatedly changed, thus depositing much fiuthor dust. 
In tho washer iiouso Thoison washors aro installed, oacli capablo of 
doaling with 5300 cub. ft. por minute; the gas is cloanod until it 
contains about 0 005 grain por cub. ft. Tho cloan gas„is sont to tho 
enginoB through a 10-ft. main, 210 ft. in iongth, which alrolishcs 
fluctuations in tho pressure. 

At Barrow fuel costs aro very high, and the estimated coal saving 
for tho first work tho plant was running was 1000 tons at 14.s\, the 
ostimatod total economy £1000 per week. Tho yiold of gas por ton 
of iron is given as 170,000 cub. ft., which is higher than usual, so 
that tho total gas from tho four furnacos of 1200 tons capacity weekly 
is ouOrmous. 



Chapter XVI 

FUEL CONSUMPTIONS AND GENKFUL CONSIDERA- 
flONS IN POWER PRO DUG I'iON 

Fuel Consumptions.—A vast amount of information on tlio consump¬ 
tion of fuel is scattorod throughout tho litoraturo dealing with power 
production. It is impossiblo to convert the wliolo of tho lieat energy 
of tho fuol into useful work, and tho proportion which can ho con¬ 
verted, ovon undor tho host conditions, varies over a wide range 
for plant of different type. This proportionate conversion of heat 
into work is expressed as tho “oflicieucy ” of the plant. The over all 
efficiency includes that of tho hoiler and steam online, or, in (he 
case of gaseous fuels, of tho producer and gas engine. In the caso 
of the stoam plant the efficiency of tho boiler will vary with the type, 
but for any typo will depend vory largely on tho proper control of 
the combustion process, a subject discussed at length in a subsequent 
chapter. 

As already indicated, tho consumption per I UP. generated is 
least the nearer tho plant is working to the maximum output. 
Figures havo been given already for consumption in suction gas 
plants at full and reduced loads (p. 1177). Here an attempt is made 
to correlate average consumptions for plants of different type, wlion 
working under every-day conditions at full or nearly full loads, hut 
including stand-by charges, etc. Of course better results are obtained 
every day in test runs, hut a plant does notl'each such perfection in 
ordinary use. 

In order to give a general comparison of the relative value for 
power of the various fuels already dealt with in previous chapters, 
Table XLV. has been arranged, based upon the theoretical horse¬ 
power obtainable in a perfect heat engine. Since 1 H.P. is equal to 
33,000 ft.-lbs. per minute, tho H.P.-hotir is equivalent to 33,000 
X-60 = 1,980,000 ft.-lbs. The H.Th.U. is equivalent to 778 ft.-lbs. 
Hence with the perfect Seat engine 

i umo non • 1100 
B.Th.U. per H.P.-hour = ^ = 2500. # 

243 
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TABUS' XLV. 

Cobpabativb Coksobptioh or Fuels it Vabiocs Thermal Emonu>oin. 
(Baud on the perfect heat engine requiring 2660 B.Th.U. per H.P. 

, I Quantity of different furls to provide 

c _ these units. 


Type of engine of this efficiency. 


35 | Di0 “ 1 on « iue “.\j tJm 

*5 | L«tgeg»sengines. . . . -jLgjg® ( 

on \ Gas engines, ordinary oil and 1 1 ’ 

I petrolmotors.jjn,ouu 

,, j Large turbine sets, ovcr-typoi' 

15 j superheated steam . . . 17,050 

jj., j Small turbine sots, high-speod 1 1 

. I rcoiprooating condensing . f ^ 

| Ordinaryoxpansion condcnsingj 

\ Small reciprocating non-con-i ’ 
i_denslng. ... . . . .» 51,200 

Note.—F igures iir heavier type indicate tho 
sumption. 

(a) When gasified in producers. 

Captain Sankey (J. Ilat/. Sac. Arts., ' 
data reproduced in Table XLVI. for the 
types of plants at varying loads. 


1 

6 

e 

«■« 

e> 

•g 

*sf 

fl. 

l °s 

* U 

£*• 

~£> 

r 

n 

n 

sh 


3 



5 c 

’■J 

£ 

00 

0336 

101 

46-7 

57-5 

0386 

12-2 

470 

81-8 

0-450 

14-2 

610 

948 

0640 

170 

32 

1140 

0676 

21-6 

91-4 

118*5 

090 

28*4 

1220 

189-5 

108 

34-3 

140-5 

228 0 

136 

42-7 

183-0 

285-0 

1*80 

67-0 

244*0 

380-0 

2-59 

85-4 

866 0 

i ** 
© 
o 


usual fuel and the average con- 

110, 3127, p. 1089) gave the 
fuel consumption in various 


TABLE XLVI. 

Fuel Couscu limns at Vernons Loses (Capt. Sankey). 


Description of plant. 


* Total fuel required - lbs. per hour at various pro- 
Cal«»rlflo portions or full load. 

value of---- -~— 

„ £2®L y_n r^. j 10 per BO per 

RThU. Quarter Half Fol ,lL°* d cent. cent. 

* per lb. toad SB. load B0.. „ Overload Overload 

' BHr * 110. 1BO. 


Non-oondensing steam plant 13,000 ™ ^ 

Condensing steam plant. . 13,000 95 ISO 190 210 810 

Overtype superheated con¬ 
densing steam plant . . 18,000 55 75 130 150 280 

Qm oi igine, pressure prod unln J9T 67 93 — — 

facer./ l *' 000 \ 63 70 *104 110 .110 

(84 68 85 — — 

Oaatngino, suotlon producer 11,000 j g, gg ^ ^ 

65 — — 

72 78 97* 

45 51 

f5 50 


DU .19,000 

Diesel engine.18,800' 
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" 4 ' • » ' 

Where tyro sets of figures are given for the same flloss'of engine, 
the upper is for 100 H.P. plant, the lower for 150 H.P. 

. Under ordinary conditions in practice the figures in Table XLVII. 
have been deduced from a large number of records. The over-all 
efficiency in the case of steam plants includes boilers and engines; in 
the case of gas plants it includes the producer, cleansing plant, 
and engine efficiency. Of course, the consumption per B.H.P.-hour 
is greater for small pbwer engines, but with internal combustion 
engines the increase is very muoh less than with steam plant. 


TABLE XLVII. 


OvsB'ALt, Consumption or Fuel per B.H.P. at Full Load under Running 
Conditions. 


Steam Plants. 


Type of engine. 

Approx, overall 
eflleieucy. 

I. be. of fuel. 

Coal. Oil fuel. 

Small reciprocating non-condensing . . 

5 

4-5 

2-2 5 

Large multiple expansion condensing . 
Small turbine sets and over-type Buper- j 

G-7 

3-4 

12-15 

14-1-7 

otl-l-l 

heat condensing. I 

Large turbine sets. 

15 

14 

09 


Qas Plants, Town gas, Blast furnace gas. 

LlM. of fuel Cubic ft. of 
lit gvueralor. gu. 

0 9-1 1 80-90 

08-10 80-90 

— 10-18 

— $ 20-21 

- 100-110 


Lbe. PluU. 


003 07 

061-0 875 000-085 

068-0-09 084-000 

015-0-40 089-0*48 


Mr. A. 3. 3. PfefEfer, in an important paper on Medium-sized 
Power Plants {Inst. Eke. Eng., 1909, 48, 557) gives the fuel con¬ 
sumption in Table XLVIM. for high-speed vertical type steam plant, 
gas plant with producers, and Diesel oU engines with (^maximum 
lead factor of 1800 K.W. 


Pressure producers 
Suotion producers 
Town gas . . . 
Coke oven gas . 
Blast furnace gas 


Petrol motor. 

Ordinary oil engines . . 
Semi-Diesel engines . . 
Diesel type engines. . . 


20 

22 

25-27 

25-37 

25-27 


Oil Engines. 

Nature of fuel aad 
and ap. gr. 


18-23 Petrol (0*722) 

18 25 KorosenS (0-825) 
25-27 Fuel oil (0-930) 
80-88 Fuel oil (0-930) 
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TABLE XIA'III. 


Fuel Consumotions is Steam, Gas Plant asd Diesel Engines foe 
Generating Electric Current. (A. J. J. Pfeiffer.) 


Load factor. 


17/5 

(Lighting.) 


1 ) 
2 ) 

330 

(Light and power.) 


(D 

( 2 ) 


820 

(Traction.) 


( 1 ) 

( 2 ) 


Steam plant. 


Gas plant. 

Diesel engines. 

Lbs. coal per njilt. 

fjbe. coal per unit. 

Lbs. oil per unit. 


269 

1-660 

0652 

• 

1-20 

0*216 

* 0000 


3-89 

1-876 

0-662 

+ 20 ° 0 

0-78 

+ 20% 0-375 

+ 10% 0 066 

Total fuel . . . 

4-67 

‘2-251 

0-717 


2T>5 

1-630* 

0-630 


0 44 

0 039 

0-000 


3 09 

1-719 

0 030 

+ 15 % 

0-40 

+ 15% 0-260 

+ 7-5% 0-047 

Total fuol . . . 

355 

1-979 

0-677 

Over-all thermo- | 
dynamic efficiency. j 

730 

13-30 

37-30 


200 

1-6*2 

063 


0-20 

0-04 

000 


2-80 

1-66 

0-63 

+ 10 % 

0-28 

+ 10% 016 

+ 5 % 0-03 

Total fuel . . . 

3-08 

1-82 

0-66 

Over-all the > dm - ) 
dynamic efficiency.] 

87 

145 

37-8 


(1) Fuel required for effective work. 

(2) Fuol to cover stand by losses. 

Perceutago additious are to cover inefficient operating, losses in efficiency, etc., 
of every-day practice. 


Comparison between Qas and Steam Plante.—In comparison with 
even the best boiler performances a gas producer shows a somewhat 
higher efficiency; it rerponds moro readily to changing demands, 
and requires less upkeop. Producers show a better efficiency because 
for a given output they are smaller than boilers; there is less material 
to heat up and less loss by radiation. With suction plants and 
smaller pressure plants producers are simplor to operate, but larger- 
sizod plants are regarded generally as requiring more attention and 
skill, and lienee more difficult to work. This ‘is due probably in a 
measure to the more general acquaintance with steam plants of the 
class of men available. 

With ugas plant the transmission of the gas over comparatively 
long distances is a simple matter; there is no loss by condensation 
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in pipes, and the pressures involved are but liitlo above atmospheric, 
so that the pipe system is cheap as compared with steam pipiug. 
These considerations enable a central gas-generating plant to be 
arranged with distribution to engines over a wide area. The corre¬ 
sponding centralization with steam can be accomplished by electric 
distribution of power. • 

The^ollowing scheme shows the relative consumption of the total 
heat units in tho fuet in a first-class steam plant and good average 
producer gas-power plant. Authorities differs greatly as to tho 
relative heat losses in tho exhaust, cooling arrangements, otc., of a 
gas engine, but these considerations are of no moment in such a 
comparison; ^lio total loss being all that is roipiisito. In tho steam 
engine the high efficiency of 15 per cent, is adoptod; in tho gas 
engine an efficiency of 28 per cent. 


Strum plant. 




Losses . 3125 
Cngino 9374 
12,500' 

8250 ’ 


Engine 

| 15 per cent. \ as 
l oflicieney. I effective 

' wnrlr 


1125, 
9375 ‘ 


IVr c-fiit. 

Oil fUI‘1. | 

ruii u. i 

1 i 

25 

I , 

2500 | 

75 

10,000 j 

1<X) 

to 

SC 

cc 

1 

7200 

9 

2800 

75 ! 

10,000 ■ 


ti'.iu plant. 


Prrirnt. 
on fuel. 


201 Piodueer 
> HO per cent. 
80) efficiency. 


Engine 
28 per cent, 
efficiency. 



Tho over-all relative efficiencies are as 2-.. : 1. 

Very complete comparative tests between producer and steam 
plants were carried out in tho United states laboratories, and 
valuable results obtained. In all 138 bituminous coals, 9 sub- 
bituminous coals, 10 lignite and 11 miscellaneous fuels wore examined. 
For tho bituminous coals the minimum consumption por U.lf.l’.-hour 
was 0*84 lb., the maximum 1'48. The averago was 1-30. With 
lignites an averago of 1-99 lbs. was found. 

Comparative tests on 75 bituminous coals in gas producers with 
engines and with water-tube boilers and reciprocating plant gave an 
average ratio of fuel consumption of 2 7 : 1. Low grade coals and 
lignites of little or no value under boilers gave excelled results in 
producers. 
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Stand-by Fuel Consumptions.— In most power plants this is an 
important factor in any consideration of the total fuel consumption, 
and when comparisons are made between steam plants and ges 
plants, still further emphasizes the lower fuol consumptions in the 
latter. 

Mr. Dowson (ln«t. Mech. Eng., 1911) gives results for stand-by 
consumptions with steam plant^; the lowest is at the rate of O il lb. 
per boiler ILL'., the highest 0-30, the average being 0'2 lb. With 
producers tho highest was 0'021, the lowest 0 055, the average about 
0 014 lh. per producer JI.P. Approximately, the stand-by consump¬ 
tion with boilers is 14 timos as great as with producers. 

According to Mr. S. Donkin, Sir A. Kennedy ga/e the figure 
5'75 lbs. of coal per hour for boilers of 1000 lb. por hour evaporative 
capacity, but this is an outside figure for both small marine dry back 
arrd small water-tube boilors. Mr. Donkin’s own test, on a water- 
tube boiler with a maximum output of 30,000 lbs. steam per hour, 
with pressure kept constant throughout tiro tost, gavo a stand-by 
consumption of 25 lbs. of coal per hour por 1000 lbs. por hour 
evaporative capacity. 

Tho stand-by consumption in a 1000 H.r. Motrd plant during 
14 hours has Imen stated as 3 cwt., which on this rating would be 
equivalent to 0 023 lb. per Il.P.-hour. 


General Considerations in Power PnonrCTiON 

Tho particular plant most suitable for power production undor tbo 
vory varying conditions in practice is often difficult to arrive at; 
indeed, as in most things, sharp lines of demarcation are frequently 
absent, and when all coats of installation, fugl charges and operating 
are takon into account, there is ofton little to choose between rival 
systems. 

It is not within the scope of a book on fuol to disenss cost of 
plant, weight and space,'which are important in tho ratio they bear 
to fuel consumption and cost, but certain general considerations may 
be referred to brietly. 

A vory largo proportion of the total fuel for power purposes is 
required in small plants, say, up to 100 H.P., and with suoh plants 
there is great latitude of choice. The small steam engine, especially 
if non-condensing, as is often the case, is notoriously inefficient, quite 
justifying its appellation of a “ coal eater.” This disadvantage at 
once places it so far behind the suction gas plant, gas engine on town 
supply, oil-*egiqe and, often, the electric motor, that it need be con¬ 
sidered no longer as a competitor. With some of the most modern 
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over-type euperbeat engines sncii Jow coal consumptions are attained 
that, taking cost, etc., into consideration, they are serious competitors 
to the suction gas plants working on anthracite, which is now an 
expensive fuel. 

In districts not supplied with town gas tho small consumer has 
the choice between suction gas and oil engines. With anthracite at 
28s. pei»ton the B.H.P.-hour costs about OT.W. Oil at Set. a gallon 
gives a cost of 0'7 d. For the usual small power rating of ordinary 
oil engines their cost, small space occupied and case of operation give 
them advantages which more than compensate for extra fuel costs; 
they find great favour then in country districts, especially for farm 
use, etc. • 

Where coal gas can bo obtain at a reasonably low figure tho 
question of its competition with suction gas plant is important. Coal 
gas offers certain advantages; tlioro is a constant supply available 
of a fuel of very constant composition, the gas is perfectly clean, 
so that no wator charges for purification are incurred, or attention 
to scrubbers, etc., there arc no stand by costs, which for intermittent 
work is important, and the capital expenditure is limited to the engine, 
with sometimes tho meter. 

Mr. W. A. Tookev lias given the following comparison between 
the cost of suction gas and town gas, based on an estimated demand 
of 10,000 B.Th.U. per II P. generated. Tho plant was 00 1I.P. 


Suction gu. 


foil fill. 


B.Th.U. per cub. ft. 130. 

1 lb. anthracite = 77 cub. ft. 
and 77 X 130 = 10,000 B.Th.U. 

(1 B.H.T.) 

Or CO lbs. anthracite for 000,000 B.Th.U. 


B Th.U. per rub. ft. 0O0. 

Cub. ft. per 10,U<X) B.Th.U. (I B Tf.P.) 


10 (XX) 

~ ' U) 

)r 1,000 cub. ft. gas for 000,000 B.Th.U 


- 30 7 cub. ft. 


C"'t«nfjtl »'<»■ t<>n all 

aloiio. char&ia and low»! 

60 lbs, anthracite at 37s. fid. or 29s. oquuls 1000 cub. ft. gas at Is. 0 d. 

„ „ 50s. (hi „ 44s. „ „ „ Is M. 

„ „ 75s. Od. „ 59s. „ • ,, t. SU. U* 

The writer has prepared tho Obiitnato in Table XLIX. of 
coBfcs for plants of 20 and 40 B.1I.P, on buction gas and coal gas 
respectively— 

* The charges, losses,•etc., in the suction plant are supposed to bo covered by an 
addition of 25 per cent, to the fuel costa. For coal gas an addition of 1*. per hour, 
an working expenses, should be made. 
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TABLE XLlX. 

Estimated Cost deb annum and pf.b B.II.P.-iioub fob Suction Gas and, 
CoaIi Gas. 


First cost—producer 
First cost -ongtno . 


Suction tii. 


Coal gas. 


10 % extra. 

Total cost ..... t' 


Anthracite : -IT lbs. per B.ll 

82a. (id. per ton.» 

Coal gas: -18 cub. ft. at la. 7|d.i 

per 1000 . 

Water for vaporizer, scrubber:. 

2 gals, per U.H.P. at‘Jd. per 1000 1 : 
Oil: -U gals, por week at la \)d. 
Labour* 1 .. 

Total cost per annum . 

Cost per lt.lf.P. hour . 


1 20 II. II I*. 

40 1MI.P. 

2UIUI.V. 

40 H ll.P. 
c 

i £ 

c ‘ 

£ 

£ 

| 110 

180 


_ 

150 

250 

150 

250 

1 ao 

38 

15 

25 

C- MG 

~W' ‘ 

105 

275 




• 

j 50,1(30 

112,320 

5G.1G0 

112,320 

| € s. </. 

£ a. d. 

£ s. d. 

£ s. il. 

1 28 5 0 

41 10 0 

1G 5 0 

27 5 0 

; 44 10 0 

80 13 0 



! - 

- 

82 4 0 

o 

00 

c 

j 4 4 0 

8 8 0 

_ 

— 

| G 10 0 

0 10 0 

0 16 0 

6 1G 0 

j 20 10 O 

20 10 i) 

5 4 0 

5 4 0 

u 1 ID l 17 G 

107 3 0 

110 9 0 

203 13 0 

0-448(1. 

0'857d. 

0-472,1. 

0 435,1. 


1 For suction plant: —t wholo day for cleaning out producer, etc., and 2 hours 
por day for 5 days -- 2 days weekly at 24a. 

For town gas:—£ day per wook at 24a. 

It will 1)0 clear that for small plants of about 20 H.P. the cost of 
coal gas compares very favourably with suction gas, ami when all its 
advantages, enumerated above, are taken into account, it has decided 
preferential claims. As fno size of the plant increases, the advantages 
of suction gas become evidenced, but it is impossible to say at what 
point the many advantages of coal gas are more than counterbalanced 
by the lower total costs of suction gas per II.P.; so much depends 
on the price of the fuels in the particular locality. Under any circum¬ 
stances coal gas appears unlikely to prove superior to suction gas 
where the power exceeds some 50-60 H.P. 6 

In nearly all suction gas plants which may be regarded as enter¬ 
ing into competition with coal gas, anthraefte is the fuel employed. 
The cheaffcr fuels, coke and possibly bituminous coals, do not find 
their application in these smaller plants. 
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The competition between suction gas plants, coal gas, oil and 
electricity has been discussed widely, and the relative merits ot each 
not overlooked by thoir respective advocates. A comparison of the 
consumption for each is arrived at easily irom data already given, 
and a comparison of costs»dediicod. The consumption per B.TI.I’. 
may bo taken as— 

Anthracite in sudtion gas plants (including 


stand-by consumption).1-1 ibs. 

Coal gas. 1 .17 cub.'ft. 

Oil .0-7 pint. 

Electricity.(>’7 unit 


Taking various prices within the normal range for the different 
fuel?, the cost in prico per 15.10’. is given in Table b. 


TABLE I,. 

Cost of Keans *s» Electricity in I’kncf. itr I! H.J\ fi:r Hour 


Anthracic. 

I 1 lb*. per H U.l*. 


Price per 

Pent i* per 

loll 

K II.I*. j 

28.*. 

0 105 . 

30*. 

0*170 

3*2.*. 

0187 

3 Is. 

0 200 | 

3G>«. 

0 212 l 


( •.,»! gnu. 

17 cub II jut H II I\ 


Pi ice per P-n»ep«r 
1000 II II P. 

lj. Od. 0 2111 

is. Sd. 0 255 

Is. fid. OROfi 

Is. lid. 0 357 

2s. lid. O IOS 


• HI (Keroneiic) 

0 7 pint per H II P 

PrltepT IVnc'’per 

gut. II ll.l*. 

(W. 0 502 

'id. (HilO 

I &l. 0-700 

\)d. 0 700 

Kiri. 0 875 


hlecti Icily. 

0 7 unit lor IIII P. 


Price |*>r Pmu*' rer 

unit 11.11 P. 

id. o ur> 

1 d. o*7uo 

\U 1050 

2</. I 400 

*24 d. I 750 


Mr. C. E. Teasdalc (,/. tin* Ltg., 1910, 109, AO.7) gave tho follow¬ 
ing costs per B.ll.P.-hour with gas at 1«. per 1000 cub. ft. and 
electricity at Id, per unit— 


S> In H P 

Kbit ii< 

u>«‘i< r 

Oa* engine 

Meant lt\. 

• 

flu* 

30 

91 

89 

0-820 

0*18 

300 


90 

0-803 | 

0 18 

1000 

95 ! 

91 

0790 

0*18 


The consumption of gas por B.H.P. is taken as 9000 B.Th.U., a 
better figure than ill usual under ordinary running conditions. 
Further, although gas can be obtained at the above rate in certain 
towns, tho average cost tor power is about 1*. 7d. To meet these 
altered conditions the figures under gas cost should bo Multiplied 
by 1-8. . 
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Very valuable tables of the cost o! fuel in small Snd medium 
installations per unit of electricity generated were given by Mr. 3. F. C. 
Snell before the Institute of Electrical Engineers (1908,40, 291). • The 
figures given in Table LI. represent the actual cost as obtained in 
independent installations. The pgce o# anthracite is much below 
current rates and might woll be increased 50 per cent. 


TABLK U. 

Cos# of CIkneratinij One Electrical Unit in Pence (J. F. C. Snell). 
Installations tip to ICO H.P. 


1 

K<|iiivalent 

Miction or pro- 1 
tluoer sag. 

Uxid factor. | 

Ilnur* per 

Anthracite a* | 


annum. 

221 . j*er tun. | 

80 

2628 

0-812 

40 

8504 

0094 

50 

4080 

0*625 ; 

GO 

6256 

0*576 

70 

0132 

0-540 1 

-80 

7008 

0-514 



Installations j 

80 

2G28 

0*596 

40 

8504 

0-502 

•50 

4380 

0 147 

GO 

525G 

0- 403 

70 

0132 

0-377 

to 

7008 

0-358 



- - c. 

■' 

! 

Town gns, 
nt 'it. per lOim. 

Oil engines, 

1 Meant (or small 

nil at 42* t*/. 
per ton. 

peas) coal, 
at 10*. 

0-044 

0050 

0-705 

0 84 4 

0-563 

! 0 598 

0-791 

0-611 

0-542 

0745 

0-475 

0-498 

0-700 

0-448 

j 0-400 

0-070 

0-426 

1 0429 

mi 100 500 //.;*. 

0 


0 530 

I 0-534 


0 400 

0 404 

- 

0 430 

0-421 

- 

0 404 

i 0 393 


0 382 

0 373 

— 

3 666 

1 0-357 


In Berlin suction gas plants arc employed in generating current 
for lighting independent blocks of buildings on a consumption of 
1-75 lbs. anthracite per K.W. 

Whilst low fuel consumption must bo a factor of great importance 
in any power plant, it can be the deciding factor between different 
systems only when all costs, capital expenditure, depreciation, 
operating costs, etc., aiy all about equal. The advantages accruing 
to lower fuel consumption are in some casts more than counter- 
’halanced by the lower fixed charges on some other system with some¬ 
what higher fuel consumption. The consideration of all these con¬ 
tingent costs is clearly beyond the scope of this work; indeed, in 
nearly every case it depends on such special factors that each 
roquires careful individual consideration. ■ 

One point which frequently is overlooked is that low fuel con¬ 
sumption involves, on the one hand, eap-ying less stock of fuel, 
with lesgjsapital expenditure in suitable stores, lower handling costs 
of tho fuel and ashes, and frequently less loss by deterioration. On 
the other'hand, where about the same stock is carried, the consume* 
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is provided Vitli far larger reserves of fuel for operating tlia plant 
when supplios may he interrupted through colliory strikes or transport 
dihioullies. 

With gaseous fuels the inability of the engine to carry any great 
overload is important, especially in conjunction with tho greatly 
reduced efficiency at largoly-diminished loads. This means that 
individuaf units should, be provided to work as nearly us possible up 
to the rated load for maximum efficiency. With modern mothods of 
starting gas-engines on compressed air or electricity, no difficulty 
arises in putting other units into operation as required. On tho 
other hand, thg gas-producer plant oilers this great advantage ovor 
steam, viz., that tho efficiency is almost as good in small plants as in 
large, which is in marked contradistinction to most steam plants. 
Further, the United States tests have shown 1 hat whilst the con¬ 
sumption of low-grade fuels under lioilers increases very rapidly with 
diminution in quality, tho consumption in producers does not incronso 
in anything like tho same proportion. 

Suction and Pressure Systems. - In general the Suction gas plant 
is operated on non-bituminous fuels, the Pressure gas on either non* 
bituminous or bituminous. Each lias its own field more or loss 
broadly defined, but it is impossible to lix definite outlines to these 
fields. 

The suction gas plant usually forms a separate unit with its own 
gas engine. Its special features are tho compactness of the plant, 
tho oaso of operating and tho low fuel costs. Because of the simple 
form which the purifying portion of the plant must take, tho ordinary 
suction plant is unable to deal with fuels evolving tarry matter. Tho 
gas being always under reduced pressure, leakage of poisonous carbon 
monoxide is impossible. Owing also to this reduced pressure the gas 
charge per unit volume of cylinder capacity is lower than with pres¬ 
sure gas. If the absolute pressure of the gas is reduced (say by some 
obstruction) from 11 lbs. to 7 lbs., there is a reduction of the charge 
by 50 per cent. • 

Where tho producer and cleansing plant are operated by fan 
suction, tho gas being sent at something above 15 lbs. absolute 
pressure to the engine, these drawbacks are overcome. Fans also 
serve to eliminate tar fog and, by a return valve system, suction 
plants are often made to deliver gas for heating purposes. 

With pressure pitots, the process being more continuous than 
with suction plants, since it is independent of fluctuations in the load, 
the gas is of more unifortn composition. A gas-holder usually pro¬ 
vides a reserve of gas for distribution and minimize% fluctuations in 
pressure. After the producers have been standing-by, tfoe holder 
preserves a supply of good gas until once more they are making 
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good gas, tho poor gas meanwhile being sent to waste. A' gas-holder, 
without being of impracticable dimensions, can hold only a small 
supply of such low power gases. * 

In many pressure plants, especially on the Continent, the gas¬ 
holder is abolished; automatic control of*tho make to meet varying 
demands is obtained by a fan driving in tho air blast instead of by 
the use of stoam injectors; largt mains minimjza pressure variations. 

With tho marked increase in tho size of suction gas plants and 
tho uso of bituminous coals in such plants, pressure plants for non- 
bituminous fuols are unlikely to find extended use. Tho field pre¬ 
viously covered by such plants is now within tho scopo of suction 
gas plants; units up to 500 H.P, are not uncommon. 

Pressure plants for bituminous fuols find their special application 
where tho demand for gas is high, and especially whore gas is 
required for heating as well as power purposos. Tho higher capital 
outlay and operating charges arc far more than countorbalancod by 
the vory low fuel costs possible when low grade bituminous coals 
aro employed. Further, tho gas has a higher calorific valuo from 
bituminous fuols. 

The great reduction in fuel costs possible through ammonia 
recovery has l>een referred to already. At what point in gas output 
it pays to install recovery plant can bo decided only by a careful con¬ 
sideration of tho consumption, initial outlay, and character of tho 
fuel, especially tho average nitrogen content. Seven shillings per ton 
of fuol from ammonium sulphate is a figure ofton realized in practice 
as a set-off against tho first cost of tho fuel. 

Summarized, tho present position of tho different systems of tho 
application of gas power may lio oxprossod on tlioao broad lines. TJp 
to 50 II.1’. coal gas below 2s. per 1000 cub. ft. is a serious competitor 
with suction gas from 'anthracite, which is employed almost uni¬ 
versally in such plants in spito of its high cost. Suction gas finds 
its application in all plants up to about 100-500 H.P. units. For tho 
higher ratings, tho uso of coko or bituminous coals, if available of 
suitable character, owing to thoir relatively low.cost as compared with 
anthracite, is necessary if fuel costs aro to be kept down. From this 
point upwards,- pressure plants working on cheap non-caking bitu¬ 
minous fuels aro general. At about 1000 H.P., the upper limit 
depending largely on capital cost of the installation, tho claims of 
ammonia recovery plant call for consideration, which may be said to 
be invariably economical at 2000 H.P. output. 

The rival olaims of the large gas plant and steam turbines for the 
production of electricity offer a big field, and have been dealt with 
adequately in a* paper by Andrews and Porter before the Institute of 
Electrical*Engineers (1909). 'This paper, togethejf with the important 
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discussion thereon, should be referred to. The general deduction is 
that the fuel consumption per lv.W.-hour for steam turbine machinery 
ai. its best is about 3 lbs.; for gas plant 2 lbs. Tho relativo price of 
plant per K.W. installed is about £14 for l oilers and turbinos, and 
£17 10s. for a gas installation. 

The question of further economy in a steam plant through tho 
use of 8ngines of high economy with tho exhaust steam passing 
through low pressure turbines was discussed by Mr. T. M. Chance 
(Eng. Record, 1909), who gave tho following estimated consumptions 
for a 1000 K.W. plant of each type: 

l a <.Uli<lM t'nal 


•Load factor. 


Strain. 

40 per cent. . . 

. 21 

2 15 

60 

. 18 

2-15 

80 

. 17 

200 

100 „ . . 

. . 1-7 

1-95 


In tho “ Memorandum ” for tho year 1911 issued of Mr. Rtromoycr, 
tho Chief Engineer of tho Manchester Steam Users 1 Association, 
the relative cost of burning fuel or oil under boilers and employing 
oil or gas in internal combustion enginos is dealt with. With the 
price of oil then ruling, it was not profitable to burn it in preference 
to coal until the cost of this had risen to 3H*. per ton : but oil could 
bo used profitably in internal combustion engines whenover and 
wherover tho price of coal exceeded I5.s-. per ton. 1 bo following 
comparisons are made: roughly stated, a first class modern stoam 
engine utilizes about 12 per cent, of tho available heat in tho coal, 
from 1G-1-7 lbs. of fuel per B.II.P. per hour for a week’s work of 
55 hours. If the boilers are fired by producer gas, for which purpose 
slack and dust can bo usod, then each 13.11.1’, will requiro about 
2-2-2 lbs. of coal. Internally-fired gas and oil engines aro 
approximately twice as efficient as steam engines, which means that 
they utilize about 25 por cent, of tho available heat. Crude oil being 
37 por cent, better than good ordinary co|l, oil engines should use 
only about 2 of tho quantities of coal mentioned above— say, about 
0-G lb. per B.II.P. Then, howover, as there aro no boiler radiation 
losses overnight, a material saving result, and tho oil consumption per 
week of 55 hours may bo about 0-5 lb. per B.II.P. Petrol and similar 
internal combustion engines would requiro about 0-4 lb. (<’). Gas 
engines have also about tho same efficiency as oil engines; but as 
there is a loss of about 20 per cent, in the producers, if these work 
day and night, and another loss of quite 10 per cent, if they have to 
stand idle overnight, the efficiency of gas engines is_only about 40 per 
cent, better than that of first-class steam engines. 






PART LV 

FUEL ANALYSIS, CALORIMETRY AND CONTROL 
OF FUEL SUPPLY 

ClIAl’TKR NYII 
1’UKL ANALYSIS 

Space does not pormit of oxhaustivo treatment of methods of 
analysis, neither is it necessary, for the usual determinations 
required in commercial work are fairly simple and will ho described 
as far as nocessary. More olaborato determinations, such as those 
involved in arriving at the ultimate composition of a fuel, are carried 
out by the well-known methods of organic analysis, familiar to all 
chemists, and such work is hardly likely to ho undertaken by others. 

Whilst for technical work on fuels reasonable accuracy is 
demanded, the tendency to strain after excessive accuracy in deter¬ 
mining the important factors of moisture, volatile matter and ash in 
fuels —which are all that are usually required in addition to calorific 
value - is often ridiculous in view of the dillichlty of sampling largo 
bulks of fuel. The present vogue is to strain at the gnat of accuracy, 
whilst the camel of inaccuracy through d ; fficultios of sampling is 
swallowed without murmur. 

Sampling.—This is a point to which special attention must ho 
directed, for the sample examined must represent always as far as 
possible the hulk from which it is drawn, and enough of the original 
must be dealt with to ensure this. 

When coal is handled the lump and small coal readily separate, 
and since the small generally yields more ash and is often much 
wetter than the lump, care must be taken to get a proper proportion 
of each. Again, Blaty portions are very unevenly disf dbuted. In 
general, the larger the pieces the more important it is to take a good 
quantity—at least 3-4 cwt.—to start with, drawn from different 
parts of the bulk or trucks. 

All must be btpken down next to pieces no larger titan a hen’s 
' 207 
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egg, mixed and piled in a heap, This is divided into quadrants of 
four equal portions, one portion being taken. This selected portion 
should be hrokon down to the size of walnuts, again mixed and 
quartered. It should undorgo thon a furthor crushing until all passes 
a J-in. mesh sieve. After thorough mixing, about 2 lbs. should be put 
into an air-tight vossol for the analyst's sample. Where duplicate 
samplos are required, it is mpst important to soo that "they are 
identical. Jars with air-tight levor lids arc very convenient, or, if 
tins are used, thoso should bo soldered down if thoy are to be sent 
away. 

A rock crushor is always omployed by the author for the reduction 
of coarse samples, and is very convenient. Aftor quartering from this, 
100 grams of the coarse powder should be weighed out in a shallow 
motal tray, and tho moisture lost by air-drying for 24 hours at ordinary 
tomporatures determined. 

For analysis, the air-dried sample is put through an ordinary 
cofloo mill, which oxporience shows is the readiest and simplest 
niothod of getting a lino samplo. About half should be preserved in 
a stopporcd bottle, to servo as tho general samplo. From this about 
25 grams aro taken and ground until tho whole passes a GO-inesh 
sievo. Many omploy a suitablo ball mill for tho final grinding, in 
which case a larger quantity may bo reduced. 

Tho advantage Of taking moisluro by an air-drying on tho coarse 
material is threefold : wet coal cannot ho ground properly; in tho 
somewhat prolonged process of grinding and sieving moisluro would 
bo lost; finally, drying wet coal in an oven may give fallacious 
result. 

Tho quostion of coal sampling has been discussed fully by E. G. 
Bailey (,/. hid. ami Kmj. Chon., 1909, 1,161. 

Peat is vory difficult, to samplo fairly, especially when very wot 
and soft. It should bo broken up woli by hand on a motal tray, 
mixod, quartered and tho moisture determined by drying at a low 
tomperaturo on a tray. It is convenient to support tho tray about 
one inch abovo tho tof of an ordinary stoam oven. Tho dried 
material now may bo broken up, and a fair sample obtained for the 
analysis. 

Heavy oil in bulk should be sampled by takingcores ’’ from two 
or three parts of the tank or waggon, as is possible usually. A long 
iron tube of f to 1 in. in diameter is fitted at the bottom end with a 
wooden plug, from which a wire leads to tho top*of the tube. This is 
pushed down to the bottom of the tank, the plug is pulled into place 
by the wire and fixed by a sharp blow on the bottom of the tank. 

• 

For U.S. official methods of sampling, seo Bureau of Mines Bulls. 63 and 116 
(also Times Eng. Sup., 26th Jan. 1017). 
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Proximate Analysis of Coal 
(J loirture. Volatile Mailer, Fired Carbon, A eh.) 

For technical purposes these determinations, together with an 
accurate estimate of tho cllorilio value, are all that are required. It 
is only .in exceptional cases that tho ultimato analysis—carbon, 
hydrogen, oxygen, ctcf—is demanclod, although very ossontial for tho 
complete study of a particular coal. Sulphur and nitrogen, howover, 
are ofton of importance, and their estimation will he dealt with. 

Moisture. —The samplo should ho air-dried previously, the 
moisture lostln this being recorded and added to that determined by 
subsequent drying at 105' C. for one hour, to give tho total 
moisture. 

Most coals undergo other changes than tho more loss of moisture 
on drying. It is found frequently that after a loss of weight is 
noted for some time, then there is an increase. This is due to oxida¬ 
tion of constituents. Further,small quantities of material,other than 
moisture, are lost at 105'C., but the loss through this has boon shown 
to he negligible. .By drying at 105 0. under suitable conditions tho 
loss in one hour corresponds very closely with the moisture determined 
by actually absorbing tho evolved water and making a careful estima¬ 
tion. The process of ovou-drying really gives good results by a 
balance of errors. 

One gram of tho sample should ho weighed out in a shallow 
pattern stoppered weighing- hot tie, in order that a thin layer may bo 
obtained. A pair of 2-in. watch glasses with suitable clamp may bo 
used also. Tho sample is healed for one hour, cooled in a dosiccator, 
and tho loss determined. 

An air oven boated by a good ring burnor is usually employed, 
with suitable thermostat and thermometer. It is preferable touso an 
oven heated by cither a liquid or vapour jacket; more uniform distri¬ 
bution of tompernture in the oven is attained. Tolueno is a suitable 
liquid for vapour healing, but the ovens *hod in tho United Slates 
Official Laboratories are the best. They consist of a double-walled 
copper cylinder, closed at one ond, and having a double-wall door at 
the other. Tho space between tho walls is filled with a glycerin-water 
mixture (sp. gr. 1-10 at 15' C.) of such concentration that when boiling 
the oven is maintained at 105" C. A reflux condenser keeps tho con¬ 
centration of the solution constant. 

When a gas-heated oven is employed, it should bo fairly capacious, 
and the bottle should b% placed as nearly as convenient to the middle 
of the oven, and not in direct contact with tba,shelf »n which it 
stands, sb this is generally overheated by conduction. A ( good plan is 
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to bond the wires of a pipe-clay triangle downwards, placoan asbestos 
card ou this, and the bottle on the card. 

'An ordinary water oven never attains a sufficiently high tempera¬ 
ture for tho estimation of moisture in fuels. 

For a full consideration of tho questioned moisture determination, 
especially in coal, tho paper by G. N. Huntley and J. H. Coste 
[J. S. O'. /., 1913, 62) should bo consulted. * 

Volatile Matter and Coke.—The determination of the loss by 
distilling off at a high temperature all tho volatile matter from powdered 
coal under such conditions that air does not find access to the sample, 
at first sight, would appoar to he a simple proposition, but a number 
of factors interferes with tho result. The maximum temperature 
attained and the rate of heating nro the principal. Slow heating gives 
a higher coko-yiold than a quick heat. The nature of tho cruciblo 
and its size will affect this considerably, and platinum should be om- 
ployod always. It is fouud that evon a polished cruciblo givos a 
different result from a dull cruciblo. 

It is next to impossible to obtain in tho laboratoi y with a small 
sample the conditions existing in a gas retort or coko oven; it is 
better to find that procedure which gives a coko most closely 
resembling in composition that obtained from coals on a largo 
scale of working, aaid standardize the method to give consistent 
results. 

The standard American method best fulfils these conditions, and 
is adoptod almost universally. Tho details are:—“ One gram of the 
fresh (air-dried) powdored coal is heated in a platinum cruciblo of 
20-30 grams weight, provided with a closoly-fitting lid, for 7 minutes 
over the full flame of a bunsen burner. Tho flame when burning free 
should bo 20 cm. high, and must bo protected from draughts. The 
oruciblo should bo supported in a platinum wire triangle so that its 
bottom is 6 to H cm. above tho top of the tube of the burner. The 
oruciblo must bo allowod always to cool sufficiently for transference 
to a desiccator without disturbance of tho lid. Tho under surface of 
the lid should be covered with carbon, but tho tippor surface should 
be free from it.” 

Tho various methods of determining the volatile matter have 
boon compared by Constam (see J. Oita Ur)., 1903, 108, 184), who 
pronounced on tho American method as being most accurate. The 
method of Heinrichos of heating for 3| mins, qver a bunsen and 
3$ mins, over a blowpipe, gives practically the same results as the 
American method. A. J. Cox (J, Anur. Chejpi. Soc., 1907, 29, 776) 
states that while the official American method gives satisfactory 
results with" ooking coals (and others of lower volatile content), for 

more bituminous coals there is some mechanical loss. Cox 

* 
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recommends a preliminary period o! “ smoking off," which in his 
opinion could be adopted advantageously tor all coals, 

• In the U.S. Bureau of Mines Laboratories {'Mi. J’ii/ht Xu. 8,1912) 
this smoking-off by 4-6 minutes’ preliminary heating More the 
final 7 minutes at lull temperature has heou adopted for lignites and 
coals high in moisture. 

This agrees with the experience of the writer, who has adopted 
the following modified procedure in all casos two bunsons are 
employed, one 41 in. high, adjusted so that tho tip of its ilame just 
touches the bottom of the crucible; the other 0 in. high, adjusted to 
the American conditions. The smaller flame is applied for min., 
and then replaced immediately by tho full burner for 7 min. it 
is better to omploy two bunsons than*to attempt the adjustment of 
the one. 

S. W. Parr recommends moistening 1 gram of tho coal with 10 -1 /> 
drops of koroseno to avoid mechanical hiss. 

Tho physical nature of the coked residue affords considerable 
information as to the character of tho coal, and should bo noted 
always in a report. It is true that 1 he conditions with tho smnll 
weight and a metal crucible are not comparable with practice, ami an 
improved method, specially designed to afford moro specific informa¬ 
tion as to tho character of tho coke, is duo to K. Lessing (./. S. ('. /., 
1912, 465). Tho apparatus is constructed throughout of quartz glass, 
and consists of an outer heating tube, around which a spiral of 
platinum wire is wound, the coils being close together at tho lower 
end, and gradually opening out higher up. This outer tube is embedded 
in kieselguhr, as an insulating material. The decomposition tube 
fits closely into the boater, and again inside this a plunger-like tube is 
fitted. One grain of the sample is used in the apparatus. 

Very consistent results are obtained with tho same coal in a 
series of experiments. It has been put f< ' Ward as an objection to 
Lessing’s method that because a cold btart is made, it does not agree 
with the conditions in practice, coal invariably being charged into a 
heated retort. From numerous determinations by Muehfino, Bond 
and others, it is known that heat travels but slowly through the coal 
in retorts or coke ovens, and it is established that only tho super¬ 
ficial layers in contact with tho fireclay heat up quickly. Tho rapid 
heat penetration in a crucible is really a weak point. It is well 
known that the qpking properties of many coals are dependent 
largely on the rate of heating; when rapid some will give no coherent 
coke, whilst by heating^lowlv the coke is quite good. 

It appears therefore that a method such as leaning's, where great 
control of the rate of heating and temperature <5f great* uniformity 
are attainable through the use of the electric current, •offers many 
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advantages over gas-heating. With experience it should *be possible 
to get results in close agreement with those obtained on a large scale. 
From figures given in the paper the quantitative results are an 
excellent agreement with those of the American method. 

Campredon's test for the coking poweijof coal has been described 
on p. 57. 

Ash.— The residue left in fhe crucible gives the “ Coke-yield.” 
After weighing the crucible lid is removed, the crucible placed well on 
its side in tho triangle, and the carbon burnt away entirely by the 
bunsen burner. Spreading the coal into the thinnest possible layer 
shortens tho timo required. The residue left consist* of the ash. 

Tiie loss of woight which the coked residue suffers is regarded as 
“ fixod carbon." 

The determination of the ash is liable to certain orrors. Alix and 
Bay (./. ,V. 0. 1904, 800) say that in six samples of coal examined 

thore was a meau content of 4-90 per cent, of calcium carbonate 
(CaCOj), equal to 2 00 per cont. of carbon dioxide. This gas would 
he driven off during incineration of tho coko,and alow result obtained. 
It is important to note that this would also raise the percentage 
of carbon determined in an ultimate analysis. .1. W. Cobh (./.('. /., 
1904, 12) found also, wlion determining tho unburnt carbon in ash 
and clinker, that tlio loss on ignition may bo duo in part to the escape 
of sulphur. 

The fusibility of tho coal ash is ofteu an important point, and 
reference to tho composition in relation to fusibility has boen made on 
p. 41. A practical test on this point is often of value, and may be 
made on the well-known Soger cone principle for determining high 
temperature. .1. W. Cobb (,/. .S’, C. /., 1904, 11) grinds tho ash until 
it will pass a sieve with 100 meshes to the linear inch, moistens the 
powder and builds a pyramid 1 in, square at the base, and 3 in. high, 
with one sido vertical. The conos are heated in a muffle furnace until 
one softens and turns down. Heating must be uniform throughout the 
muffle. Comparison mag be made between ji standard ash sample 
or relatively between different samples. 

An electric resistance muffle furnace would be certainly most 
suitable, and it would be preferable to record actual temperatures, as 
taken by a thermo-junction. 

Sulphur.—By far the most convenient and accurate process for 
coals, and in the writer's experience, the only really good one for 
oils, is that of burning the fuel in a bomb calorimeter with an oxygen 
pressure of not less than 20 atmospheres. A little distilled water is 
put in the’bottom of the bomb, and after combustion the gases are 
allowed to remain for 10 minutes to give proper absorption. Sinoe 
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the calorifio*value generally has to be taken, the sulphur determination 
is carried out simultaneously. 

• Sulphur is converted into the trioxide on combustion at these 
pressures and rapidly absorbed by the water. The water and wash¬ 
ings are filtered, and the gulphurio acid precipitated in the nearly 
boiling solution by hot barium chloride. An important point to note 
is that with small quantities of sulphur precipitation is by no means 
so rapid as usually asSumed; the liquid always should stand in a 
warm plaoe for at least six hours. 

Innumerable other methods of determining sulphur in fuels are in 
use, and as a bomb is not always available, the principal of those 
must ho discuiied. 

The Esehhi process is to bo preferred in such a case. A mixture 
of 1 part of puro dry sodium carbonate and 2 parts of puro calcined 
magnesia (MgO) is prepared. It is often very difficult to obtain tho 
latter free from sulphato, and somo prefer to use pure limo. Ono 
gram of coal is mixed intimately with 1-5 grains of this mixture in a 
platinum crucible, and tho mixture boated, commencing with a gentle 
heat applied to the bottom of tho crucible and increasing gradually. 
When all carbon has been burnt, shown by thore hoing no black 
spocks in tho residue, tho contents nro omptiod into a beaker, and 
the crucihlo washed out, about 50 c.c. of water being used. IS c.c. of 
saturated bromine water are added, and the solution boiled for five 
minutes in order to oxidize sulphurous acid to sulphuric. The 
jnsolublo residue is allowed to sottlo, the clear liquid poured oil, and 
tho residue washed twice by boiling with moro water. The total 
clear liquid is acidified with hydrochloric acid, boiled to expel tho - 
bromine, and the sulphuric acid precipitated from tho nearly boiling 
solution by hot barium chloride. 

Since coal gas is liablo to load to contamination of tho contents of 
the crucible, a spirit flame frequently is preferred for heating. 

Bonder (,/. .S'. C. 1905, 293) carries out the ignition in a bard 
glass tubo 18 cm. long, 28-3 cm. diameter, with the satno object. 
Brunck (,/. .S'. ('. 1900,10SC) used cobalt oeido instead of magnesia, 

in tho same proportion. Heating may lie carried out in a platinum 
crucible, but is conducted preferably in a porcelain boat heated in a 
tube through whicjn oxygen is passed. Tho process is completed in 
15 minutes. The gases may be passed through hydrogon peroxide 
to recover any escaping sulphur dioxido. 

Parr (J. Amer. Ohm. Soc., 22, f>46) and others have employed 
sodium peroxide as tho oxidizing substance. About 0-7 gram of the 
sample is mixed with 18 grams of peroxide in a 30 c.c. crucible. 
This is placed in water, so that tho bottom is kept cool, lie cover 
placed on, and the mixture fired by nitrated wick. The contents are 
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dissolved in water, filtered, acidised with hydrochloric acid, and the 
sulphur estimation carried on as described. 

Comparisons of the various methods have been made by C..W. 
Stoddart (J. Amer. Chem. Soc., 1902, 24, (9), 852) and Holliger 
(,/. S. C. L, 1909, 357). Both agree that the bomb is most accurate, 
but the latter states that with high ash sAme sulphur may be retained 
• in it. Holliger says Eschka’s jnethod may be inaccurate when there 
is over 2 per cent, of sulphur, and Stoddarf that silica in solution 
should be removed always by evaporation of the acid solution. Both 
agroe that the sodium peroxide method is liable to give low results, 
and Holliger considors it should be used only where speed rather 
than accuracy is aimed at. ' 

Sulphur in Oils, etc.—As already mentioned, the bomb method is 
far the most satisfactory, but alternatives must be considered. 
Hodgson regards the Carius method, commonly employed in organic 
analysis, as suitable for accurate results. Gootzl (./. A'. C. /., 1905, 
108(i) places 2-3 grams of the oil in a largo platinum crucible, 
4 c.c. of fuming nitric acid are floated on top, tho cover put on, and 
the liquids allowed to mix gradually and then stand over-night. 
The mixture is heated on tho water-bath, and, when action ceases, 
evaporated to dryness. The dry residue is mixed with 5 grams ol 
dry sodium carbonate and l gram of potassium nitrate, a layer of the 
same mixture being placed on the top, and the whole heated until 
white. The. residue is dissolved in water, and the sulphur determined 

Garrett and Lomax (./. S. 0. /., 1905,1212) employ a modificatioi 
of the Kschka method, 0 7 to 15 grams of the sample are mixed 
intimately with 3-4 grams of a mixture consisting of 4 parts oi 
pure lime and 1 part of dry sodium carbonate. Tho crucible if 
thon Idled up with this mixture. A larger platiuum crucible if 
then placed over the smallor one, tho two inverted, and the spacf 
between the two filled with tho mixture. 

The mouth of the cruoiblo is covered with a thick pad of asbestoi 
board, and the two crucibles placed in a muffle already heated. Tbf 
asbestos prevents radiation from the top of”the muffle heating thi 
substance until the soda-lime packing is hot. In two minutei 
distillation commences, tho asbestos may then be removed, and heat 
ing continued for two hours. Tho process is completed as in Eschka’i 
method. Besults are said to be good when compared with those b; 
the Carius method. , 

Nitrogen.—By far tho most convenient method for solid fuels i: 
that of Kjeldahl. With coal, it is very desiuble to reduce the sampli 
to as fine a state of division as possible; time spent over this i 
repaid amply by the shortening of the solution period. The methoi 
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adopted i« the laboratory of ?hb I'.S. r.uroau of Mines is as 
follows■ 

. 1 gram of the sample is boiled with 30 c.c. of concentrated 
sulphuric acid, and 0 0 grain of mercury, mild the solution has 
become straw-coloured. Potassium permangaimlo is then added in 
small quantities, until a permanent green colour is produced. After 
dilution# to about 200 c.c. and the addition of 25 c.o. of potassium 
sulphide solution (Id grams per litre) to precipitate the mercury, 
1 gram of granulated zinc is put in, to prevent humping, and a small 
fragment of paraffin wax, to prevent frothing, tho excess of strong 
sodium hydroxide solution is added, and tho ammonia driven off into 
standard sulphuric acid, as usual. 


Examination op Liquid Kiki.s 

Specific Gravity.—This may be taken by any of the usual methods, 
but with very thick oils is determined best in a 250 c.c. graduated 
flask, the weight of which and tho water content huvo boon 
ascertained previously. 

In many cases, with heavy fuel oils, the weight delivered is 
computed from tho volume, and temperature will be clearly of the 
greatest importance. It is usual to tnako a correction of + 0-0000 to 
tho specific gravity for each degree above or below 15' (!. Tho 
coefficient of expansion for different petroleum distillates has boon 
givon on p. 110. 

Tho specific gravity at 15 3 C. having been ascertained, tho woight 
of tho barrel of oil, whether in linitoil Slates or Imperial gallons, can 
lie determined as described on p. 10'J. 

Flash Point.—This is defined as the lowest temperature at which 
vapour is given off from the oil in sufficient quantities to ho ignited 
by a fhuno. 

The ignition point is defined as that tempi raturo at which sufficient 
vapour is given off not only to he ignited, hut with sufficient rapidity 
for the oil to continue burning. 

Clearly tho flash point will he dependent upon, first, tho vapour 
pressure of tho dll, which to a minor degree will Ixi dependent on 
tho barometric pressure; secondly, tho proportion of oil vapour in 
air requisite to form#ifti ignitable mixture. This proportion will vary 
little for the different petroleum distillates, but several factors will 
determine when tho requisite quantity is reached. If the apparatus 
is open to the air it will be readied only at a higher^ temperature than 
in an enclosed apparatus. In the latter the ratio of tho air space to 
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foe surface ot oil exposed will infl&ioe the result, so that standard 
sizes /or closed testers must be adhered to rigidly if results are to 
be comparable. Again, in a closed apparatus, when the test flame 
is lowered through the testing port, the air and vapour inside are 
replaced by fresh air drawn down through the other open ports pro¬ 
vided, and if testing is performed at‘regular temperature increments, 
but at different rates of heating the time given for sufficient, vapour 
to diffuse into the air will vary and hence also the result. 

These points are mentioned in order to emphasize the necessity 
for adopting standardized apparatus and procedure, if discrepancies 
are to be avoided. 

Tim open flash test is clearly liable to considerable '.ariation and 
is only an approximate test, though often of value for crude oils and 
residues. The apparatus should consist of a porcelain crucible 2f- 
2| ins. diameter at the top, jf in. across the bottom, and ins. deep. 
It is placed in a hole cut in asbestos board so that the bottom of the 
cruoiblo projects below about \ iu., and a small heating flame should 
just touch the bottom. The oil should roach to within J in. of the 
top of the crucible. It is important to see that the bulb of the 
thormometor is properly adjusted to the centre of the oil. Many 
ordinary cylindrical bulb thormomoters have too long a bulb to 
permit this. 

The most convenient test flame is a tiny jet of gas burning at the 
end of an ordinary mouth-blowpipe. Draughts must be excluded 
carefully. 

Closed Tests.-—The A hel apparatus has become a legally standardized 
tester in this country and the Colonies, and is employed for ordinary 
burning oils. The apparatus, together with dimensions for the principal 
parts is shown in diagrammatic section in Fig. 54. The cup A is 
insulated from direct contact with the heating vessel B by a vulcanite 
ring v, on which the flange rests. Thore is an air space 0 § in. 
across botween the sides and bottom of the cup and the wall of the 
boater, so that with water always at one temperature in the latter 
when commencing, the Vise of temperature t>f the oil is always 
regular, though not uniform for equal increments of time. 

The procedure for legal testing is laid down strictly, but need not 
be detailed here. For ordinary purposes the following directions will 
suffioe— 

The heater is filled with water at a temperature of 130° F. The 
oil cup is plaoed on a level surface and filled to the proper level, care 
being taken that none is splashed on the sides. 

The cover is placed on the oil cup, the thermometer inserted, and 
the test flame adjusted to the size of the bead provided and mounted 
on the eup* 
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The cup is placed carefully into position in the heater, the whole 
apparatus being in a situation free from draughts. Testing is com¬ 
menced at 66 ’ F., the slide being drawn open n/oiWi/ and closed ijuidly. 
This is repeated at every degtvo rise of temperature until n Hash is 
obtained. 

If a flash occurs between GG and 73 1 F. (the lower legal limit) a 
fresh portion of the oil is cooled to 00 1 F. before putting in tire cup, 
and testing is conmidhcod at GO F. 

If no flash is given liofore 9,7 F. the bath is emptied and refilled 
with water at 90 F., also the air space to a depth of 1J ins.; fresh 



I'm. M.—Abel flash-point apparatus. 


oil is taken, and the whole wanned up byithe burner, testing l>oing 
carried out at degree intervals. 

With very low flashing oils the sample may Ire cooler! to 32'F. 
in melting ice, also the oil cup itself, Indore filling. The cup may 1st 
mounted conveniently through a sheet of asbestos card, so that it 
extends into a beaker containing water (with ice) at 32 i>. If there 
is no flash under these conditions the temperature is raised slowly 
until the proper flash point is reached. A special thermometer will 
require to be fitted by means of a cork, as the one supplied with the 
apparatus does not record these low temperatures.. • * 

Where speeial accuracy is demanded, the flash point ( is corrected 
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for barometric pressure, 1'6°F. b^ng. added or subtracted for each 
inch above or below 30 ins. 

The Abel-Pmxhj apparatus has been adopted officially by the 
International Petroleum Commission. In this form the opening anS 
closing of the ports and the application of the test flame is operated 
by clockwork. The results are 3’ F. higlfor than with the original 
Abel. t 

Thu Pensky-Murlen tester is the most suitable for heavy oils 
flashing above temperatures attainable in the Abel tester. With these 
oils it is necessary to provide a stirrer in the oil, and also one to mix 



Flo. 55.—I’ensky-Marten flash-point apparatus. 

A, Oil oup; B, Cast-iron heater; C, Oil stirrer; c, Vapour stirrer; D, Flexible 
wire to operate stirrer ; E, Milled head lor operating cap ; d, Test jet; 
/, Flame regulator; (, Testr flame port; pp, Air ports? 

the heavy vapours with the air. A mass of iron is employed instead 
of water for the heaters. The apparatus is illustrated in Fig. 55. 
The stirrer is operated by means of a flexible wire, dnd the cup ports 
opened, the test flame inserted and the ports closed by turning the 
milled head on the upright pillar. t 

The rate of heating should not exceed 10’ F. per minute; below 
this rate it has no appreciable influence on thp result. 

Cray (./. S. C. I., 1891, 343) has described a modified form of this 
tester, which is u$d largely. In this a gear wheel is provided which 
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operates the stirrer. It is important that this wheel is rotated only 
slowly; there is a great temptation to stir rapidly, because of the 
email handle which is fitted. If this is done the oil is swirled up the 
sides of the cup, too big a surface is exposed, and tho results are 
frequently 2-3° below tliofo with the I’ensky-Martcu tester. 

It is most important with all these testers to see that oil docs not 
remain between the sjiding and fixed plates forming tho cover. These 
should lie separated and thoroughly cleaned if necessary. 

Messrs. Harker and Higgins have carried out comparative tosts 
with types of flash-point 
apparatus at the National 
Physical Laboratory. Their 
results arc recorded in tho 
Petroleum World, 1911, pp. 

303, 351, 397. 

Viscosity. 1 — The vis¬ 
cosity of an oil hitherto has 
been of most importance from 
the point of viow of lubrica¬ 
tion. With the extending 
use of oils for intornal com¬ 
bustion tho viscosity, or 
mobility, at different tem¬ 
peratures is of increased 
importance from this wider 
outlook. For ordinary fuel 
oils for burning, laboratory 
instruments aro not generally 
suitablo; tho orifice or 
diameter of the tube employed 
is too small and the head of pressure too low. A practical test through 
a pipe under a given head of pressure is preferable. The American 
Navy Board takes a pipe 4 ins. diameter a^d 10 ft. long, and the oil 
under a head of 1 ft. (p. 108). 

The Redwood viuometer has been adopted generally in this country 
for laboratory determinations of viscosity. It is illustrated in Fig. 66, 
The oil is contained in a central cup, having an orifice at tho bottom 
drilled through a piece of agate. This is kept closed by a simple ball 
valve until the experimental conditions are realized. The water in 
tho jacket is brought to-any dosirod temperature by a burner placed 
a 

1 In the commercial sense the viscosity of an oil is the time of flow through a 
given orifloe in a specified apparatus at a given temperature. Hence it it a 
function of the apparatna; whilst the true viscosity is independent of the form of 
epparatus.. * 
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under the extension limb, and paddles for stirring the frater are 
provided, these centring round the oil cup. 

Owing to the bad heat conduction and sluggish convection currents 
in most oils, it is always advisable to bring the oil to within a degree 
or so of the required temperature before filing the oil cup. This is 
done best by using a flask of about twice the volume of oil required 
for the test, a little more than half filling with f the sample, rind im¬ 
mersing in a large beaker of water at the proper temperature. The 
oil then can be shaken about and brought quickly to the bath 
temperature. 

Having filled the cup to the top of the gauge point and obtained 
the correct temperature, the ball valve is openod, and &0 c.c. of oil 
run into a graduated flask placed below, tho time being taken by a 
stop-watch. Samples should be run ovor a range of tomperatures, 
and a curve plotted for time and tomporaturo. It is of course very 
important that the oil shall be free from all suspended matter. 

Rape oil is taken as the standard in the Redwood viscometer. 
At GO I' 1 . 50 c.c. of this oil will average 535 seconds for the flow. 
Since the head of pressure with different oils will vary with the 
gravity, this must be taken also at the same temperatures as the 
viscosity determinations are carried out. Then, relatively to rape oil, 
the viscosity is given by— 

Time in seconds at t° Sp . Or. at f __ 

Seconds for rape oil at 60 ’ F. (535) X Sp. Gr. rape oil at GO' F. (0 915). 

The Redwood .Standard Admiralty pattern viscometer for fuel oils is 
similar in design to the above, but the oil flows through an agate tube 
5 cm. long about 3 - 5 mm. diameter. The oil cylinder is raised on legs 
so that it and tho full length of the agate tube are surrounded by the 
broken ice contained in the outer vessel. Ea"oh instrument has to be 
standardized by experiment. 

Water in Oils.—The determination of water in viscous oils often is 
attended with much difficulty. A sample should always be tested by 
enclosing in a stoppered 200-c.c. cylinder, tyiifg in the stopper, and 
standing overnight in a deep beaker of water kept warm in an oven, 
or, what is infinitely better, on an electrically-heated hot plate. 

-If there is suspended water in a crude oil, in a distillation test the 
fractions below 150° C. will contain practically the whole of it, and 
the quantity may be estimated very fairly in p. graduated cylinder. 
Drying by evaporation of the water is very unsatisfactory, and is of 
course inadmissible with all oils which lose by vaporization of 
hydrocarbons. ' ~ 

A very'accurate method is described by Allen and Jacobs, who 
mix 100 grams of the oil with 200 o.o. of benzene, toluene or xylene. 



xvn.] DISTILLATION TEST OF 0113 811 

preferably the latter, and distil, he water separating in the distillate 
being measured. • The liquids not being miscible, constant attention 
is required during the distillation, and a long and efficient condenser 
is employed. 

Distillation Test.—With crudo oils a distillation test is intended 
to afford information as to the relative proportion of light spirit 
burning oils, etc. Distillation on a largo 
scale varies greatly in procedure, owing 
to the widely varying character bf the 
crude oils and the market for products of 
different grades. A small scale distilla¬ 
tion test muStgive sufficient separation of 
these to enable a sound judgment to be 
formod of the general character of the 
oil and the probable yield of the products. 

The importance of the distillation test 
in the case of motor spirit has been 
pointed out, and also the great influence 
which the form of apparatus employed 
has on the result, which is true likewise 
of crude oils. 

In the Engler system, 100 c.o. of the 
oil are distilled from an ordinary distilla¬ 
tion flask with a side lead. The impor¬ 
tant dimensions of the flask are—diameter 
of bulb 6 5 era., total length of neck 15 
cm., side lead 10 cm. long, and making, 
an angle of 76° with the neck. The bulb 
of the thermometer in all distillation 
tests must be arranged so that the top 
part is just below the level of the side 

tube. Distillation is carried out at the Pl0 '57.— Distillation apparatus 

lor oils. 

rate of 2-2*5 c.c. per minute. When 

the temperature is reached at which theevolume is to be measured, 
the light is removed and the oil allowed to cool some few degrees, 
when it is again distilled up to the temperature, and so on until no 
more distillate iq obtained. 

The process gives good results, but is tedious, and the use of suit¬ 
able. fractionating bjilbs greatly simplifies the process and gives 
equally good results. For crude oils and heavier distillates the writer 
has found the following apparatus and method excellent. 

The apparatus, with essential dimensions, is shown in Fig. 57. 
It eonsists of a short-necked Jena glass flask q'ith a 4ihulb Young 
column, which the researches of Prof. S. Young have shown to be 
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one of the most efficient forms. Twt hundred o.o. of tho oiLare used, 
a long Liebig condenser is attached to the bulbs, and the distillate 
collected in narrow graduated cylinders. No gauze is employed t*$ 
protcot the flask, the tip of a bunsen flamo playing directly on the 
glass. An important point is to maintain a uniform rate of distilla¬ 
tion throughout the run ; 60 drops per’mimfte is best. 

.The temperature is noted at which the first drop of liquid leaves 
the end of tho side tube, then the volume collected at 75°, 100’, 126° 
C., and so on at ovory 25° is noted. At 150° the measure is changed, 
and up to this point the distillates arc classod, as by Engler, as light 
spirits. From 150-300’ O. the burning oils aro collected. At about 
200’ the stream of water to tho condenser should be cut tiff. 

For purposes connected with fuel it is seldom nocessary to go 
higher than 300" C. Tho contents of the flask are allowed to cool, 
drained into a measure and tho volume read. By using 200 c.c. it is 
generally possihlo to obtain sufficient of tho light spirit, burning oil 
and residuum for estimation of tho specific gravity to be made, 

Above 300’ C. condensation in the bulbs is too great to permit of 
further distillation. When required to higher temperatures the 
Young bulbs are removed, and a plain distillation head with ono 
cylindrical bulb substituted. 

Distillation of Motor Spirit. For this purpose a flask of tbo 
same dimensions as before is omployod, hut instead of the plain bulb 
column a 5-bulb Young dophlegmator, tho efficiency of which for low 
boiling liquids has boon demonstrated so amply. With petrols, dis¬ 
tillation usually is carried up to 150" O., if sufficient liquid still remains, 
and the residue in the flask and draining from the dephlegmator in 
every case measured. With the introduction of various mixtures, such 
as petrol with benzene, or light petrols (0-680) with heavier grade oils, 
a carefully conducted distillation test is very necessary, and the 
determination of the specific gravity of the fractions essential. Tho 
volume collected over each 10’ C. should be noted, and results very 
conveniently may be plotted on squared paper for comparison with a 
standard spirit. t > 

The results for a standard sample of petrol are given below, and 
may serve as a basis of comparison:— 

Petrol (Pratt's), Sp. Gr. 0 7088. r 
First drop at 30° 0. 


Temperature. 

Vol. per cent. 

Tempe returf. 

Yd. per cent 

Below 50’ C. 

1-50 

Below 100’ 6. 

57-25 

„ 60 

7-25 

„ 110 

70-25 

„ 70 

19-25 

„ 120 

79-50 

80 

28-75 

130 

86-50 

„ 90 

42-25 . 

„ 140 

9100 


Residue above 140’ 0. 6 0 per cent., Loss3-0 per cent. 



DliTdiBMlNATION OK CALOHIKIC VAM'KS 


Definitions of the units employed and a discussion on gross ami 
not calorific values hnvo l>eon given in Chapter I. Iloro it remains 
only to consider methods by which the calorilic valuo may 1)0 arrived 
at. These methods may be dividod into those basod upon calculations 
from the heating values of the constituents, or obtained by direct 
determination in some suitable calorimeter. 


Calculated Calorific Values.—Kor coals tho calorilic value may bo 
calculated on a basis of the olomentary constituents, or on tho proxi¬ 
mate constituents. For oils, on tho olomentary constituents; for 
gases, from tho valuos for tho individual combustiblo gaseous con¬ 
stituents. 

In calculating on the ultimate composition of tho coal it is 
assumed that the elemonts have tho same heating value as they Imvo 
in the free uncombined state, and that oxygen is present in combina¬ 
tion with its equivalent of hydrogen in tho form of wator, assumptions 
which are inherent to the method but certainly not justifiable, ft 
involves likewise the assumption that heat is neither expended nor 
evolved in rendering the atoms of the constituent elemonts free to 
enter into fresh combinations with oxygen on combustion. Since 
coals low in oxygen have been shown to be only slightly endothermic 
in formation, it so happens that no heat iselemanded for this, which 
explains the otherwise anomalous fact that calculated results in 
the majority of eases do agree fairly well with the determined 
values. 

The best known formula is that of Dulong, of which numerous 
modifications have been proposod. Its original form was — 


8080 C x (h -°) 34,400 


100 


where C, H and 0 are the percentages by weight of these elements 
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In its most complete form, wfai values for carbon and hydrogen 
due to Berthelot, it becomes— 

8137 C + 34,500 (h - ^ ~ 1 ) + 2220 S 

. — i —i— i. — ■ ' .. = gross calories. 


It being assumed that the oxygen is wholly in combination with 
hydrogon, the available surplus St hydrogen for Combustion is equal to 

(Total Hydrogen — —gp—)• j n ordinary analyses oxygen and 

nitrogen aro found usually by difference, and since the average 
nitrogen content is about 1 per cent., this deduction ft made from 
the “ difference,” and the remainder (0 4- N) — 1, represents the 
oxygon. 

By taking the not calorific value of hydrogon and introducing a 
correction for heat expondod in evaporating any moisture (the round 
numbor 600, as approximately representing the latent and sensible 
heat in the steam at 100’ C.), the formula becomes modified further 
to-- 


8137 C + 


28,780 (id - 


(O + N - 1)' 


8 


) 4- 2220 S - (H,,0 X 600) 


100 

: net value. 

The modification of the Dulong formula adopted in Germany is- 


81 C 4- 20o(lI “ - g- -) 4- 25 S - 6 H s O = net value. 


A simplified formula for the ovaporative value from and at 212“ E. 
frequently used in this qountry is— 

E = 015 { C 4- 4 28(ll -9)j 


It is derived thusCalorific value of hydrogep is to calorifio value of 
carbon as 34,400 is to 8080 = 4-28 ; the evaporative valuo of carbon is 

iWxm-b = 0-15 lb - from ftr,a at 2120 F - 

Calculated values are always open to objection. *Iu the first place, 
small analytioal errors are multiplied largely; secondly, the calorifio 
value for the same element varies somewRat as determined by 
different observers; thirdly, in the case of carbon, different varieties 
from different sources exhibit considerable variation in calorifio value, 
depending largely on their density. Uncertainty must always exist 
therefore as to wSioh value should be chosen. 
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’Whilst “with coals containing Aw oxygen results are generally in 
good agreement with thoso determined in a bomb calorimeter, they 
ase often wide of the truth when the oxygen content is high. Bramo 
and Cowan (J. 8. C. /., 1903,1230),found the calculated values were from 
0’7 per cent., in the case an anthracite, to 4’8 per cent, Mow the 
determined value, in tho case of a bituminous coal containing 10 57 
per cent: of oxygon. Gray and Robertson (J. S. G. /., 1904, 704) 
found differences ranging from +0-9 to -2 per cent, with a series of 
12 coals. Bunte found differences ranging from-3 7 to 4-20 per 
cent., and other results might be quoted. 

W. Inchley ( The Eng., 1911, 111, 155) reviews the question of 
calculated vafhes, and puts forward the following modifications of the 
Dulong formula as giving more correct results 

8000 C -f 33,830 H = gross calories per gram. 
14,000 C 4- 60,890 II = gross B.Tli.U. per lb. 

14,0000 4- 52,196 IT = net B.TIi.H. per lb. 

For liquid ( 7500 C 4- 33,830 II = gross calorics per gram, 
fuels i 13,500 C 4- 60,890 II = gross B.Th.U. por lb. 

The author has applied the formula for solid fuels to all the coals 
analyzed by Cowan and himself and by Gray and Robertson in their 
comparisons of different calorimeters. Results, in percentage difference 
from the bomb, range from - 2'42 to 4- 3 8. Tho formula for liq uid fuels 
gives results in general within 1 per cent, of tho determined value. 
From calculations on the German Dulong formula applied to a sorics 
of petroleum oils, W. H. Patterson (./. 8. G. /., 1913, 213) found the 
net calorific value from 1-25-4-2 per cent, too high. With two gas 
(? tar) oils, containing respectively 5-98 and 7'29 hydrogen, tho 
results were 3'85 and 2-97 per cent, too low. 

The discrepancy between calculated and determined results, which 
is more apparent when the oxygen content is high, has been recognized 
by Mahler, who proposed the following formula- 

8140 C 4- 34,500 H - 3000 (O 4- NJ . . 

-_—:—-jpg— —i-• = gross calories 

Summarized, the conclusions as to calculated values on ultimate 
analysis are that jlthough good agreement (say, within 1 per cent.) is 
found with most coals and liquid fuels, there is always the liability of 
a far greater error occurring. In view of tho much greater labour of 
conducting the ultftnate analysis, which is required so seldom for 
technical work, and the simplicity of obtaining correct values in a 
good calorimeter, little ‘can be said in favour of calculated values 
for solid and liquid fuels. Calculated values can be justified %nly 
when facilities do not exist for making an accurate practical 


For solid] 
fuels j 
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determination of the heating value? and that the values ard calculated 
should be stated clearly always. 


Calculation from Proximate Analysis.—Goutal claims that*a 
relationship between the amount of fixed carbon and volatilo matter 
and the calorific valuo may bo tracefl in c*als. This he deduced for 
a largo number of French coals by comparison with the, calorific 
value determined in a bomb calorimeter, oonstants for varying 
amounts of volatile matter being determined. These constants must 
necessarily bo calculated on the dry and ash-free ooal, i.e., on the pure 
combustible. Goutal's formula is 82C 4- «V, where C represents tho 
fixed carbon, a the constant, and V tho volatilo matter rfound on tho 
whole coal. 

The values for the constant a, for different values of V 1 (tho 


volatilo matter in tho pure coal substance, which oquals 


Vx 100 v 
C-f V / 


are:— 

V 1 5 10 15 20 25 30 35 38 10 

a 115 130 117 100 103 98 91 85 80 


Applied to liramo and Cowan’s coals (Inr. ril.), those orrors amount 
to -2T5to +1-88. 

Constant and Kolbc have shown that with English coals there is 
ofton a very wide difference botweon tho heating valuo for coals con¬ 
taining tho samo amount of volatile mattor, and whilst the heating 
value of the coke is practically always the same, there must be a big 
variation in tho heating value of tho volatile matter, duo to difference 
of composition. Goutal's formula can apply only when there is a 
definite relation between the heat of combustion of tho volatile con¬ 
stituents and their amount. This is frequently the case but by no 
means invariably, so this method of calculation is unreliable. 

Calculation for Qaseous Fuels.—In the case of gaseous fuels, in 
such mechanical mixtures the constituent gases preserve their heating 
valuo, and the calculated aasults arc reliable within fair limits. If one 
could ascertain the exact proportion of methane, othane, etc., con¬ 
stituting the “ saturated hydrooarbons,” and ethylene, propylene, etc., 
constituting the “ unsaturated,’’ with accurate analyses results should 
be absolutely correct. In practice it is usual and, indeed, almost 
impossible to do more than state the total saturated and unsaturated 
hydrocarbons. It is generally assumed in the dhlculations that the 
former have the same calorific value as methane, and this is approxi¬ 
mately oorreot, but small quantities of othef members of the same 
series of hydrocarbons are present. The assumption, however, that 
the unsaturated hydrocarbons*are wholly ethylene leads to low results. 
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Coste (J. S t C. 1909,1231) sho|rs that with coal gas and coal gas- 
, water gas mixtures, ascribing the calorific value of propylene to the 
whole of the unsaturated hydrocarbons gives results in good accord 
with practical determinations. 

With gases, again, the trouble of making the analysis and the 
liability to error, for with Complex mixtures errors are very apt to 
occur, cannot compare in simplicity with a direct determination, even 
although the former results may be gdbd. There are cases, however, 
where only a small sample is available, when the calorific value must 
be deduced from the analysis. 


Calohimhtuy 

The general principle of all ealorimotors which find wido applica¬ 
tion is the transference of the total heat of tlio combustion of a 
known weight of the fuel to a known weight of water; from the rise 
of temperature of tho latter the calorific value is deduced. Not only 
is the water raised in temperature, but the whole of the instrument in 
contact with it also, and it is necessary to know tho heat utilized in 
doing this, measured in terms of water. This is known as the water 
equivalent of the instrument, and must be determined accurately once 
for all. 

The method of Berlhier, based on Wolter’s rule which assumes 
that tho heat of combustion is proportional to the oxygen used, has 
been proved for so long to be worthless that it need not be considered. 
It is mentioned only booause it is still described in some books relating 
to steam production. 

For the direct determination of the heating value of fuel certain 
essential conditions must bo fulfilled for accurate results. Combus¬ 
tion must be complete; hence there must be no Binoke, no carbon 
monoxide formed, and no invisible unburrn hydrocarbon gases escap¬ 
ing. The heat must be transferred completely to the water, losses 
by radiation from the calorimeter must be corrected for, and finally 
the rise of the temperature of the water ftust be determined with 
great accuracy, since the mass of fuel used is very small as compared 
with the mass of water heated. Very few calorimeters actually fulfil 
all these condition;. 

Calorimeters may be classified broadly as follows:— 

1. Where combustion is achieved by admixture of the fuel with 
a solid oxidizing agent. 

(a) A mixture of nitrate and chlorate of potassium (Lewis 

Thompson). % . 

(b) With sodium peroxide (Na,0„) (Parr and Wild). 
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2 By combustion with oxygen at ordinary pressure}. 

(a) Where the temperature of the esoaping products can 

be ascertained (Favre and Silbermann, Fischer, 
etc.). 

(b) Where the products escape through water, and are 

assumed to be cooled Vo its temperature (William 
Thomson and innumerable modifications). 

3. By combustion with oxygen at high pressures (Berthelot- 

Mahler bomb calorimeter and all modifications). 

It is proposed to deal only with typical calorimeters of each of 
these classes, finally considering the relative merits of eaoh system. 

Lewis Thompson Calorimeter .—This instrument has been, and 
probably still is, employed more extensively than any other on 
account of its low cost, simplicity, rapidity, and not requiring more 
skill than the average workman possesses to operate. As will be 
shown conclusively later, it is next to worthless. 

. Two grams of the coal are mixed with 22 grams of a mixture of 
potassium chlorate (3 parts) and potassium nitrate (1 part). The 
chlorate evolves heat on decomposition, the nitrate absorbs heat, and 
the two are supposed to balance. The mixture is placed in a copper 
tube, a piece of slow-match inserted, and fired. The copper diving 
bell provided is slipped over the clips in the stand holding the tube, 
and, when combustion is started, the whole is immersed in 1934 grams 
of water. At the conclusion the tap at the top of the tube extending 
from the bell is opened, water admitted, the whole stirred, and the 
temperature rise noted. 

Since the weight of coal is 2 grams, and the water taken equal to 
twice the latent heat of steam (907 B.Th.IJ.), the rise of temperature 
gives directly the evaporative value of the’fuel. 

The results are " corrected ” by the addition of 10 per cent, (one 
authority says 15 per cent.) to cover losses by the gases not being 
cooled properly, the heat of solution of the products, radiation, 
unburnt fuel, etc. , * • 

Calorimeters of the Parr Type.—In these the fuel is mixed with 
sodium peroxide (NaA), which readily yields one oxygen atom pei 
molecule for the combustion of the fuel. Sodium oxide (Na,0) is left 
with which the water formed on combustion combines to form sodiun 
hydroxide (NaHO), and oarbon dioxide in the products of combustioi 
to form sodium carbonate. No products thethfore escape. ' Beat ii 
evolved, however, in these chemical reactions, and a factor must b 
employed to convert the rise in temperature in degrees into calories 
73 per cept. of the heat ig due to the combustible, and 27 per cent, t 
other chemical reactions. 



xvra.] DETERMINATION OF CALORIFIC VALDES 819 


■ Sodium peroxide is extremely hygroscopio, aud the degree of 
moisture absorbed influences the result. It must therefore be pro¬ 
tected carefully from the air. Further, it has been shown that the 
factor for the same coal may vary 3 per cent, with difference in 
quality and fineness of the peroxide. 


Parr has stated that ‘*Any 
results leased upon the use of 
peroxide which has been sifted, 
ground or otherwise bandied 
in any manner to permit of 
the absorption of moisture from 
the" atmosphere are open to 
question,” and further that 
“for variable or unknown 
peroxide it is necessary to 
standardize it." 

Theoretically perfect as tho 
process is, sodium peroxido 
alone is not sufficient to com¬ 
plete the combustion of many 
fuels, such as anthracites. 
“ Accelerators " (such as per- 
sulphates) and, with anthracite 
tartaric acid also, are employed 
in addition, and different 
“factors" are required for 
different oxidizing mixtures. 
S. W. Parr lias stated that 
“ even then for anthracites and 
similar difficult combustible 
materials the unburnt carbon 
must always be filtered off and 
estimated.” 

Certainly the residue always 
should be dissolved in water 
and hydrochloric acid, and the 
solution examined for unburnt 
carbon. 



Constant and .Itougeot (J. S. 0. /., 1906, 1082), compared the 
results with the Pan Calorimeter with those in a bomb calorimeter, 
and in addition to noting the variation in the factor for variation in 
the peroxide, state the magnitude of the errors renders it superfluous 
to ooneot for radiation; that there is closest agi^ement ,with»the 
bomb when an excess of finely ground peroxide together with 
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persulphate is used; andconcludefjjs'.ating that in no eii^umstances 
have they obtained complete combustion of coal, and do not regard • 
the results as sufficiently trustworthy to form the basis for a decision 
as to the calorific value of a coal. 


Oomiii'htion in Pure Oxygen 

• 

F. Fincher (idorimter.— Of'the several modifications, leading to 
greater simplicity and r^luced cost, made on the instrument with 
which Pavro and Silbermann conducted their classical researches, 
this is in all probability the best type. A sectional diagram is given 
in Pig. 58. • 

The calorimeter vessel is packed in eiderdown C, in a circular oak 
case 1). The combustion chamber is of silver, the cover carrying 
the inlet tube d being held on the main body by the tight lit of the 
two. At the bottom of the chamber a flat circular chamber cc is 
provided to cool the gases, and further cooling takes place in the 
flattened tube //, from which the gases pass out through a glass piece 
with sido lead. A thermometer is placed here to check the tempera¬ 
ture of the exit gasos. 

Inside the combustion chamber there is another chamber pp made 
of thin platinum foil, with a bottom pioee v so fitted that the gases 
may escape. The coal samplo is in pellet form, and is carried on a 
platinum gauze basket si. 

The sample is pressed into cylindrical shape by means of a small 
steel mortar, and placed in the platinum basket. The carrier is titted 
to top of combustion chamber, and the cover made air- and water¬ 
tight by luting it with grease, and the chamber fastened to the base 
of the calorimeter by its tripod feet. The calorimeter is filled with 
1,500 cubio centimetres bf water, and the cover placed in position. 

The stirrer is now worked until the thermometer remains 
stationary. Luring this time a slow current of oxygen has been 
passing through the combustion chamber, and as soon as the 
temperature is constant, the sample is ignited, either by electricity 
or by means of a small particle of incandescent charcoal. The 
current of oxygen is now increased to 2 to 4 litres per minute. As 
the combustion approaches the finish, the amount is reduced to 
1J litres per minute. 

The time occupied in burning the fuel is usually from 7 to 10 
mins. Temperature readings should be msSla at minute intervals 
until the maximum is reached. 

Modified IF. Thomson Calorimeters .—The original instrument was 
described, first by^ Thomson in 1886, and was clearly an adaptation ol 
the Lewis Thompson apparatus, for use with free oxygen in lieu of 

K 4 
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the oombipod oxygen of a chelate-nitrate mixture. Numerous 
modifications in the detail of construction- hare been made, and the 
Rostnhain and Darling patterns have been selected for description as 
typical of good forms of the instrument. The former is illustrated in 
Hg. 50. 

The apparatus consisfc essentially of two parts, the calorimeter 
vessel containing the water, and the combustion chamber in which 
the coal sample is burned. The combustion chamber is formed from 
a glass lamp chimney, closed at the top and bottom by brass clamp* 
ing plates, which aro separated from the glass by rubber washers. 

The plates aro drawn togethor 
by means ofsscrews on three brass 
uprights fixod to the lower plate. A 
ball containing a stuffing box is 
mounted on the upper plate through 
which a tube passes carrying the 
electric ignition device. 

The upper plate also carries a 
tube for admitting oxygen into the 
combustion chamber. A wire-gauze 
nozzle is fitted to tho ond of this 
tube to prevent the oxygen jet from. 
breaking up the coal sample. 

The combustion chamber com¬ 
municates with the exterior by 
means of an aperture, thus permit¬ 
ting the products of combustion to 
pass from the vessel to the sur¬ 
rounding water. This aperture is .. , ■ 

closed by a ball valvo, which *’ 10 . 59.— Thomnoii-RoHcnUain 

allows the gases to pass from the oalomnokr. 

combustion chamber to the surrounding water, hut prevents the water 
entering the chamber. An arrangement is fittod by means of which 
the ball can he raised and so allow some wyter to outer. This water 
is then forced out by the oxygen and mixed with tho rest of tho 
water, thus ensuring that the calorimeter and its contents are brought 
to one temperature. To prevent radiation, the calorimeter vessel is 
enclosed in a wooden case, through openings in the sides of which the 
progress of the ceHtbustion may be watched. 

For standardizing*the instrument, briquettes of coal of known 
calorific value can bo obtained from the makers, and the water 
equivalent is determined best in this manner also. 

The coal is made into a pellet in the press provided and jptrodyced 
into the calorimeter, the platinum wire of the electric ignition device 

* 
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being plaoed in contact with the. fail. The water in theocalorimeter 
(2500 o.o.) being at room temperature, the oxygen supply is con¬ 
nected up, a small stream of oxygen turned on, and the combustion 
chamber lowered into the calorimeter vessel. The thermometer is 
then placed in position, and the initial temperature of the water noted. 

Connection is now made for a definite period—say, 10 seconds— 
with the firing battery. The ourrent of oxygen is kept slow at first, 
but as the ash accumulates'and tends to hetard the combustion 
towards the end, the stream of oxygen is increased gradually as the 
experiment proceeds; very violent combustion is to be avoided, as 
smoko is liable to be formed; it is also apt to injure the platinum 
igniting wire. The duration of the combustion varies from 10 to 15 
minutes; the end of the combustion is generally well defined. When 
all combustion has ceased, the oxygen supply is cut off, the valve 
raised, and the tap in the upper outlet tube opened; the water 
then flows into the combustion chamber and is allowed to fill it com¬ 
pletely ; as soon as this is accomplished the valve is lowered and the 
oxygen again turned on. The water is forced out through the valve 
at the base of the combustion chamber, and the bubbles of gas 
effectively stir the water. The thermometer is now read carefully 
at short intervals until its maximum reading is attained, which is 
generally the case a few seconds after the water has been expelled 
from the combustion ohamber. This reading and the time are noted, 
and tbo entire instrument is allowed to cool, with a slight current of 
oxygen still passing, for a period of time equal to half of that which 
has elapsed between the commencement of the combustion and the 
maximum reading of the thermometer; the fall of temperature during 
this time is added, as a radiation correction, to the apparent rise of 
temperature observed between the initial and maximum readings of 
the thermometer. 

Then, if in be the weight of coal, W the weight of water taken, w 
the water equivalent, T the rise of temperature, and t the correction 
for radiation— 

Calofies- 

m 

Pellets of dry compressed cellulose aie employed for absorbing 
oils for calorific determinations; the pellets weigh about 1 gnn., 
and have a oalorifio value of 4270 calories per grm. About 0*5 grm. 
of oil is used. *** 

W. Rosenhain (J. 8. C. 1906, 239) describes the method of 
applying this pattern calorimeter to petrols and other volatile liquid?. 
The petrol is absorbed in a dry oelluloM pellet, which is wrapped 
immediately in thin tinfoil, to prevent loss by evaporation. There 
hi slow evaporation, but thil can be allowed for. The tinfoil burnt, 
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evolving 3800 cals, par gnu.; w.h the weight actually used about 
400 cals, are involved. There is a possible aourae of error in the 
f|ct that the tin is not completely burnt, but on an average this 
would amount to an error of 20 cals. only. 

Whilst the rate of evaporation is low with petrol, which consists 
of hydrocarbons of widefy different vapour tension, it would involve 
the los%of the most volatile portions—principally hexane—but this 
is inevitable in most processes. It is important to note that lienaene 
had not at that date been burnt without deposition of carbon. 

Other modifications of the Thomson pattern which are eftensively 



Fio. CO.—Thomnon-Dtrling Fie. Cl.- Thomson-Darling 

calorimeter for solid fuels. calorimeter for oils. 


employed are those of Darling (A'«//., 1902,801) and Gray (/. S. C. T„ 
1906,409). In 1906 Darling described in tbg same journal a modified 
pattern for use with liquid fuels, which aro burnt in a lamp with 
suitable wick. 

The Darling solid fuel calorimeter is illustrated in Fig. 60. A 
small glass bell-jal forms the oombustion chamber, the flange of this 
being damped in** brass base ring, and the joint being made tight 
with rubber rings. Ttft products of oombustion pass down through 
the wide glass tube into a flat circular chamber, the top plate of 
which is perforated witiua number of small holes, so that the gases 
. issue in several fine streams. , , 

For liquid fuel (Fig. 61) a small brass lamp furnished with an 
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asbestos wick is employed, and. it kept cool by the water, whioh is 
allowed to rise to a suitable height. The products of combustion are 
led off into the collecting chamber by a bent glass tube. It is staged 
that with a very narrow wick (^jth inch in diameter) light petrols 
may be burnt safely, whilst for alcohol and ordinary petroleum the 
diameter may be -^th inch. It is very diuhtful whether a heavy oil 
fuel can ever be burnt with a wick. • 

Rawles (./. & 0. /., 1907, 065) has described a further modification 
of Darling’s instrument, specially designed for petrol. 

Cortain points must be attended to carefully in order to ensure the 
best results with any calorimeter using oxygen at ordirihry pressures. 
In the first place, the coal is burnt preferably in pellet form. The 
ordinary crucibles supplied with this pattern instrument are nearly 
always too massive, and if the coal is burnt in the loose form, 
towards the end of the combustion isolated portions become extin¬ 
guished in contact with the crucible, which does not get very hot. 
The author finds a shallow cono, made of thin platinum foil, is to be 
preferred to the crucibles supplied, it being mounted as free from 
metallic contact with the metal stand as can be arranged. With 
pellets there is not this trouble. 

Further, oxygen almost always is derived from the ordinary 
cylinders, and is practically dry. It is well known that combustion 
is never so complete With a dry gas. With a Win. Thomson instru¬ 
ment, Adams (,/. A'. ('. I., 1901, 979) found that results with dry 
oxygen were some 126 calories lower than with wet; in some more 
oarefully conducted experiments 220 calories lower. Further, the 
use of dry oxygen causes evaporation as it passes through the water, 
and the latent heat of the water thus evaporated is abstracted. In 
all cases, then, the oxygen should be sent through water in a suitable 
wash-bottle before use. 

Another possible error is introduced by the lower temperature of 
oxygen taken direct from a cylindor, due to its expansion. With a 
sufficiently large water-bottle this becomes tfegligible, but it is a good 
plan to interpose between the oxygen cylinder and the wash-bottle a 
coil of metal piping of sufficient length to ensure the oxygen reaching 
the room temperature. , 

The correction for radiation is usually made by adding to the 
observed rise of temperature the fall noted jlunnj' the prolongation 
oi the experiment through half the number of* minutes occupied in 
the actual combustion. A small stream of oxygen should still be 
passed through the apparatus. An alternative method is to start 
witffi the*water iw the calorimeter as much below the room tempera¬ 
ture as the expected final temperature will be above it. 



Although it is claimed that cor bustion is oomplofe in calorimeters 
of this type, this is very doubtful in the case of coals. Favre and 
Silbermann in their classical experiments recognized this, and always 
passed the products of combustion through a heated copper oxide 
tube, and made corrections for tho unburnt hydrocarbons. It is very 
seldom that some smoke i#not seen to escape during an experiment, 
and the gmell of the escaping products is generally sulliciont proof of 
the incompleteness of the combustion. 

Bomb ('ulorimeters .—These are all developments and modifications 
of the original “bomb" pressure calorimeter, which Bertltolot em¬ 
ployed first to measure the boat evolution on firing explosives. A 



Fia. 62.—Mahler bomb calorimeter. 


lighter form of bomb was constructed fo> him later, and usod for 
fuels. Many other patterns havo followed the original model. 

In all bomb calorimeters oxygen always is employed at several 
atmospheres pressure; combustion is thus always complete. Further, 
no products escape during the experiment; and, since the combustion 
vessel is immersed almost completely in water, the wholo of the 
heat is transferred for measurement. Calorimeters of this typo 
are probably as pdbfeot as possible, but their high oost is frequently 
prohibitive. ^ 

The application of the term “ bomb ” to calorimeters of the Parr 
type is very misleading. 

The pattern chosen as illustrative of the “ bomb " type is that of 
Mahler. The complete apparatus is depicted in Fig. 62. t , 

The bomb (B) is of steel, lined with an enamel to prevent corrosion. 
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In some more expensive forms platinum or gold is employed, but an 
instrument with enamel lining has been in constant use by the author 
for twelve years, and the enamel is still perfect. The cap screws on 
to the top of the bomb, and is made gas-tight by suitable lead rings, 
the whole being screwed home by means of a large spanner whilst 
the bomb is gripped in the lead-lined clam^i Z. At the centre of the 
cap an inlet valve for the oxygen is provided, and from the underside 
two platinum rods extend; one*of these (E) is connected with a piece 
passing to the exterior, but electrically insulated from the metal of 
the cap, and the other carries the fiat platinum capsule (C) in which 
the fuel is placed. A length of about 2 inches of fine platinum wire 
(0'002 inch diameter) is wound round the terminals*^ the rods, 
forming a loose loop which is in contact with the fuel. Iron wiro 
is sometimes recommended, but is best avoided. The oxide formed 
fuses in globules on the lining and quickly ruins it, and, moreover, 
entails a correction for its heat of combustion. In the long run, the 
fino platinum wire is most economical. 

The charged bomb is immersed, as shown, in the water vessel of 
the oalorimeter, being kept clear at the bottom by a perforated stand, 
into which it springs. There must be a free circulation of water 
right round the bomb. The calorimeter vessel is insulated from the 
capacious surrounding water vessel by a triangular wooden stand. 

Oxygen is supplied from the oylinder 0, which is connected by 
fine-bore copper tubing with a valve and the manometer M. For 
filling, the bomb is attaohed at the top of the inlet valve to the end 
of the oopper tube by a screw union. 

The stirrer S is carried hy the arm 6, and operated by the 
lever L. Helical blades are provided on the stirrer, which moves 
up and down, and at the same time is given a rotary motion by the 
thread cut at K. Tlnr battery for firing is shown at P; a two-cell 
accumulator is most convenient. 

In operating, the firing wire should be arranged and always 
tested first with one cell, the two being used for firing. The fuel is 
weighed into the oapsulst which is fixed in •position by the small 
clamp on the rod. A little distilled water being put in the bomb, it 
is then gripped in the clamp, and the cap oarrying the capsule, etc., 
is screwed home carefully. Connection is now made to the oxygen 
pipe, the admission valve to the bomb opened two turns, and the 
manometer valve tightly closed. Now the vaftt in the oxygen 
oylinder is opened fully, and gas admitted by o{fert.ting the manometer 
valve, whioh is closed when 25 atmospheres is reached, the cap valve 
being then closed also. * 

R is important to operate the valves as described, and always to 
open the oxygen oylinder valte sufficiently. Cases of burst tnessure 
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gauges have occurred through neglect to have the manometer valve 
properly closed before the oylinder valve has been opened; also 
through partially opening the latter at the start, then, finding the 
pressure ceases to rise, opening out further so that the full pressure 
from the cylinder is thrown on the gaugo. Hence, alicuye close the 
manometer valve before mating any alteration to the ori/yrn cylinder 
valve. 

The^omb being uharged, attach the small stand, place centrally 
in the calorimeter vessel, into which the requisite quantity ot water 
has been weighed, attach the stirrer, and see that all works smoothly, 
and that the stirrer will clear tho thermometer. Finally, tho ther¬ 
mometer is placed in position. 

The water is stirred regularly, and tho temperature noted every 
minute. It is a good plan to keep a large vessel of water in the 
room always, from which to fill tho calorimeter vessel; then a 
constant temperature is reached very quickly. When tho rate of 
rise, or a constant temperature, Iwb been ascertained, attach one wire 
to the insulated pole, touch the top of tho admission valve with tho 
other wire, and fire tho fuel. Stir regularly, noting tho rise of 
temperature each half-minute,'and continuing every minute for 6 
or 8 minutes after tho maximum, to obtain data for the radiation 
correction. A high class thermometer, reading easily to jLtli 0 C. 
must be employed. Some prefer one of the Beckmann type. For 
a full consideration of the suitability of tho different types of thermo¬ 
meter see Huntley (•/. fl. 0. 1910, 917). 

After removal from the apparatus the valve is opened, tho gases 
being allowed to escape. Tho bomb and cover are rinsed thoroughly 
with water, which is preserved when necessary for the estimation of 
the sulphuric and nitric acids formed. 

Corrections required and calculation of the results .—Combustible 
sulphur in the fuel burns to sulphur divide, which at the high 
pressures is oxidized further to sulphur trioxide, and this combining 
with water gives a further evolution of heat. As these two last 
exothermic notions do not occur with oxvgen at normal pressures, 
a correction must be applied in accurate work. Further, nitrogen in 
the fuel and nitrogen in the residual air in the bomb form nitric acid 
at the high temperature reached and in the presence of water, heat 
being evolved aglin which must be corrected for. 

The heat of jBrmation of nitrio acid is 227 calories per gram, 
p.. T ~, 00044 giam*?l calorie. A solution of sodium carbonate, 
—..t.m.T'g 3-706 grams of the pure dry salt per litre, will give 
directly the number of calories to be deducted by the number of 
cubic centimetres used to titrate the aoid washings; methyl ojange 
is a suitable indicator. 
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The excess heat from the reason S0 2 + 0 -f aqm ig equal to 
225 calorios for each 1 per cent, of sulphur. . 

The washings from the bomb are titrated with sodium carbonate 
of the abovo strength, then the solution is acidified, boiled, and the 
sulphur estimated by barium chloride as usual. Since in the titration 
the carbonate was used partly to fleutralizeethe nitric acid and partly 
the sulphuric acid, the heat of formation of the latter in tgrms of 
nitric acid must be subtracted from the total o.c, of carbonate used. 
This value is given approximately correctly by the weight of barium 
sulphate x 100.' 

‘Hence, nitric acid correction = 

c.c. standard sodium carbonato - l 100(BaS0 4 ) 

_ , , . ., ,. 220 x per cent, sulphur in fuel “ 

Sulphuric acid correction = -—-^ —■—-— 

The magnitude of these corrections, and hence tho value of taking 
them into account, must lio stated briefly. The nitric acid deduction 
will he usually of tho order of 15 calories, and sulphur about 20 
carries; say, 35 in all. On a coal pi 7000 calories this is equal 
to 0-5 per cent. 

Radiation.— Elaborate systoms of correction for this have been 
proposed, and for research work are necessary, the Stohmann 
modification of Rcgnault and Pflaunder's formula giving absolutely 
correct results. All systems of correction which are not purely 
arbitrary aro based on Newton's law, that the rate is proportional 
to difference in temperature botwoon two bodies, and this holds for 
all such temperatures as aro involved in calorimetric work. 

The following example will mako cloar the simple form of correc¬ 
tion required for most technical work; the water had reached a 
constant temperature before the fuel was firdd. 


Initial temperature (('), 15-52°. 


Time after 

Thermometer 

lienii temperature 

Mcnn difference 

firing. 

remlinR. t» 

of minute. 

from initial t. 

1 minute 

1737 

16-445 

0-925 

2 minutes 

1794 

17-665 

2135 

2i „ 

17-95 

17-945 

2-425 

3 „ 

17-95 (/2) 

17-945 

2-425 

4 „ 

17-945 

— 

— 

5 

17-935 

— 

— 

10 

17-860 

— 

— 


1 Tho latent heat of formation of nitrlo acid (327 cals, per gram) being 
ipproAmately equal US .he molecular weight of BaSO. 1333). 

• as found in tho add liquid and calculated on the weight of fuel. 
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, Rise = 17-95,- 15-52 = 2-43 

T . . 17-9351 - 17-800 

Loss per minute = „ = 0 015 

5 

loss in 1st minute = 2-43 : 0015 :: 0-925 — 0-006 

„ 2nd „ = 2-13 : 0-015 :: 2135 = 0 013 

„ 3rd ,9 = 2-13 : 0015 :: 2-425 = 0015 

» Total correction . . 0 034 

Corrected rise*of toniperaturo = 2 43 -f 0 034 -- 2-401' 


As pointod out by 0. N. Huntley, a calorimeter should not he 
surrounded by a vessel with tho object of preventing radiation ; (In* 
is impossible but it should bo surrounded by a medium which makes 
the loss by radiation rnimlmil, and for which corrections can l>o 
applied. A large mass of water fulfils this condition best, and wooden 
tubs and similar devices are not applicable. 

The true rise of temperature may be obtained also graphically 
(see E. A. Allcut, Kmj., 1910, 90, 755). 

With the Mahler calorimeter, the maximum invariably being 
reached in from 2,1 to 3 minutes, the following empirical correction 
is stated to apply — 

1. Tho dccrcaso in temperature after tho maximum represents 

the loss of boat of the calorimeter before the maximum and 
for a certain minute, with tho condition that the moan 
temperature of this minute docs not differ more than 
from tho maximum. 

2. If tho mean temperature differs more than 1 but Iohs than 2” 

from tho maximum, the rato of loss at the maximum Im 
0 005 will givo tho required correction. 


In tho above example the application of this rule involves a 
difference well below the possible limits .f experimental orror, and 
for general technical work tho method is sufficiently accurate. 
Clearly it would not apply to a form of boir b calorimeter where the 
rise to the maximum is extended over several minutes. 

The calorific value of the fuel is then calculated from the 


formula— 

(T 4 -/)X (W + «•) - (UNO, correction + .8 correction) 
calories = ♦ weight of coal in grams 

T = oflServed rise W = weight of water 

t = radiation correction ui = water equivalent 


1 At the minute when, the maximum temperature 1* reached end for the 
succeeding minute or twoheet is still passing out lrom tho bomb, mote or toss 
balancing the lose by radiation. To ascertain the true 1«8 per minute bjeradia- 
lion *iooe, the temperature At which the rate becomes uniform must be teken. 
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The effect of lowering the initial, oxygen pressure with a bomb 
calorimeter bas been investigated by E. A. Allcut (he. tit.). With 
the sample of coal used the theoretical oxygen required was 1-33 
grams per gram. The following results show the importance of 
working with at least 20 atmospheres inital pressure:— 

Pressure. 25 20 0 ISO 18-0 111 90 70 50 8-2 

■"bomb 01 0Xyg “ 19 15-2 11-4 904 804 60 5-41 8*1 2-42 

' ^ceforiflfvslue I,mUrn 1 100 997 986 977 970 060 900 71-7 ® 9 ' 6 

It is most important to note that, judged by the caloritic value, 
at 3-2 atmospheres with nearly twice the theoretical pxygen the 
results are 40 per cent, below the truth. Unfortunately Allout did 
not estimate the unburnt carbon, which at 13 atmospheres was first 
visible in the residue, neither were the products of combustion ex¬ 
amined. The coal employed was anthracite—" because it was nearly 
pure carbon ”—a bituminous coal would have given probably more 
complete combustion at the lower pressure. 

With coals having a very fusible ash it is important to note that 
soifte carbon may be included in the fused residue. Huntley found 
the maximum error due to this equal to 3 per cent, on the calorific 
valuo. With a low ash content such error is generally negligible, 
but with a high ash of fusible character the possibility must not be 
overlooked. 

Liquid aad Gaseous Fuels in Bomb Calorimeters.—With the 
Mahler pattern heavier oils burn very completely on the shallow 
pattern tray employed; for lighter oils (kerosene, etc.) the author 
has found absorption of the oil by kieselgubr very satisfactory. The 
tray is half filled with this material (previously ignited, as it always 
contains organio matter), the surface corrugated, the whole weighed, 
and the oil distributed over the kieselguhr and reweighed. More dry 
kieselguhr is then spread over the surface, and an almost" dry ” oil- 
impregnated mass obtained. Some kieselguhrs are very fusible and 
are unsuitable for this use k for a considerable proportion of carbon 
may remain in the fused mass, whioh should be examined carefully 
at the conclusion of the experiment. The porous absorbent blocks of 
cellulose already mentioned also may be employed, but this reduoes 
considerably the amount of oil whioh can be taken. * 

With very volatile liquids, such as petrol, greahegution should be 
observed, as in a few oases there bas been suoh riqjent explosion that 
the thread of the cover has been stripped. Berthelot employed a 
deep platinum oup entirely enclosed in celluloid for suoh liquids, this 
preventing evaporation and ensuring complete combustion. By 
weighing tfie petrol m • U tube having fine capillarv tubes on either 
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limb, bloying out sufficient on t| kieselguhr in the dish already fixed 
in position on the rod with the firing wire ready, and immediately 
screwing the top of the bomb on at the balance before finally 
weighing the tube to ascertain the amount of petrol taken, the loss by 
evaporation is so small that good results are obtained. The ignition 
always should be made flbm a safe distance. 

Wifh such volatile liquids Watson’s method (./. Roc. Arh, 1910, 
58, 990) of vaporising the petrol imd burning carburottod air in 
a suitable gas calorimeter is greatly to 1)0 perferred to other 
methods. 

The calorifio value of a gas may lie determined in a bomb, but so 
many calorimeters of a far more suitable type are available that the 
bomb is used but seldom. Tho small quantity of gas it is possible to 
employ is against the method. 

Benedict and Fletcher (./, Amcr. C/,m. Roc., 1907, 29, 739) 
burnt a number of substances in a lionib calorimeter, and found that 
with an initial pressure of 300 lbs (20 atmospheres) the maximum 
pressure exceeded 700 lbs. 

Determination op the Water Equivalent op Calorimeters 

This determination must be made with every possihlo dogree of 
accuracy for any type of calorimoter. Several methods may be 
employed, and it is dosirable to employ more than one, to chock the 
result. These methods may be— 

1. Calculation from the weight and specific heat of tho parts. 

2. A practical determination of the spocific heat. 

3. By the combustion of substances of known calorific value, 

4. By imparting heat to the system electrically, and finding tho 
rise of temperature. 

The first method can be only approximate; it is often impossible 
to ascertain the weight of the individual materials of construction, or 
to be certain of their specific heat. With a glass calorimeter vessel 
which is only partly filled with watep the proper allowance Is 
impossible to compute. 

The practical determination of the specific heat of the whole 
apparatus subject to rise of temperature is a most useful check and 
readily carried <Ait. 

The last tw£*nethods undoubtedly are the best, that of burning 
a substance of kqpwn calorifio value being most convenient. The 
mean rise of three or four results should be taken, when the water 
value (<r) will be foundjfrom— 

Calorific value of pure substance 

* (Weight of water + *) x Rise of temperature. 
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The following pure substances, yith their heat of combustion, 
liove been employed:— 

Naphthalene.9G22 ealorios (+2) 

Benzoic acid.G329 „ 

Cane sugar . .. 3949 „ (+2) 

* e 

Naphthalene is frequently difficult to burn completely^ and 
"benzoic aoid and cane sugar, both on account of better combustion 
and greater certainty of their absolute calorific value, are most 
suitable. 

The olectrical method is capable of giving very exact results. C. J. 
Evans [Kny., 1906, 82, 295) has described this method a% applied to 
a Thomson-Roscnhain calorimeter. A heating coil was arranged in the 
placo that a sample of fuel would occupy normally, connection with 
it l>eing offected by means of a special insulatod terminal and another 
on the body of the instrument, potential leads being connected just 
above thoso for current. The electrical quantities measured were 
current and potential, the former by a Weston ammeter, and the 
latter by Poggondorffs method of direct comparison with a Standard 
Clark Cell. Oxygon was supplied at about the same average rate as 
during a combustion. 

Tho following data and method of calculation will make the 
procedure clear:— - 

Duration of experiment =* T = 600 seconds in both cases. 

When W = watts 

WT 

Therms (= gram-degrees C.) = ,, 0 _ = 143-3W 

41oi 


[J being 4187 x 10’ (Griffiths adopted) at 15° C., which was the 
average temperature of the experiments.] 


Water equivalent grams 


therms _ 

temperature rise ° 0. 


143-3W 
Degrees C 


The necessary allowance must be made when the parts of the 
apparatus used in the determination are removed,’this being calculated 
from their weight and specific heat. 

The following figures are the results of experiments to determine 
the water equivalent on this system 


Temperature Average Water equivalent , 

rise 0 C. watte. gramme*. 

6-75 102-9 2564 1 * • 

6-92 106-1 2568 J “ aoo ° 

With calorimeters of the William Thomson type, the constants for 
the aj^aratas are determined b^st by the combustion of standard coal 
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samples,which can be purchas^. With three or (our coals o I vary¬ 
ing volatile content an approximate correction covering the water 
^equivalent and errors due to differences in burning may be obtained, 
the correction stated in a particular caso being that (or the standard 
nearest in nature to the sample under examination. 

The following figures by the different methods with a Mahler 
bombjllustrate the degreo o( accuracy attained 
• • 

By determination o( Sp. lit. (mean o( 4). . . 550-6 cals. 

„ calculation o( Sp. Ht. (roiu weight of parts . 540 8 „ 

„ combustion of naphthalene. 550 0 „ 


Comparative Accuracy with Coat, Calorimeters 

Comparisons of results obtained with different calorimeters have 
been given by Bramo and Cowan and by Gray and Roliertson 
J. S. V. /., 1900,1280 and 1904, 704). Tho former used the Lewis 
Thompson, William Thomson, Fischer, and Mahler bomb, the latter 
did not employ a calorimeter of the Fischer type. Five coals, ranging 
from anthracite to highly bituminous coal, wero employed by the first- 
mentioned authors; in tho other lalioratory tho coals were mainly 
bituminous. 

The results with the Lewis Thompson instrument are of particular 
importance by reason of its wide use. It has been recognized for a 
long time that the instrument is worthless as tho anthracites are 
approached, this being duo to tho largo amount of carbon which 
escapes combustion. Bramo and Cowan (The Kmjiwer, May, 1906) 
obtained as an average for a large number of experiments, in which 
the ratio of oxidizing material to coal was varied, tho following 
results:— 

Percentage of volatile matter in dry coal 6-84 9 70 14 08 20-50 

Unburnt carbon, per cent. 33-4 24-7 9-7 5-17 

Calorific value below truth. 35-06 29-40 12-70 8-00 

> 

With the bituminous coals, the average unburnt carbon ranged 
from 4-6 per cent. The instrument is quite incapable of given oven 
approximate results with coals containing under 25 per cent, volatile 
matter, and with a coal most suited to tho instrument, as found by 
actual tests, rtrf with every precaution which experience showed 
requisite to give the*best results, an error of from 3-0-4-4 per cent, 
below the true value was found in a series of 28 tests. From the 
joint researches refereed to the results with bituminous coals may be 
too low by 8 per cent. a s 

It is possible to apply an approximate correction for unburnt 
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coal, bat this estimation involves y>, much labour and time that at 
onoe it far more than counterbalances the advantages of simplicity 
and rapidity which have been the chief asset of these calorimeters. 
Even with this correction applied, the results in Brame and Cowan's 
series ranged from 2-3-6'4 per cent, below the true value. 

L. L. Lloyd and G. W. Parr (7. S. V. I, 1910, 740) give a few 
results obtained with the Roland-Wild sodium peroxide calorimeter 
in comparison with the bomb calorimeter. With long flaming bitu¬ 
minous coals they noted that flame was projected through the valve. 
The following results for coals may be cited 


Coal. 

percentage error 

Id determination*. 

Mean par cent, 
•rro^from bomb. 

Long flame bituminous . . 

. . . 2'2 

+ 1-13 

If 1* • • 

. . . 0-86 

+ 3'92 

Anthracite. 

. . . 1-52 

-0068 


Salicylic acid gave a result S'l per cent, above the bomb value. 

If. Thomson, Calorimeter .—The comparative results available are 
all from the original pattern instrument. Gray and Robertson 
employed the coal in pellet form, and used electrical ignition, both 
conditions being more favourable to good results than the method 
originally described, and which was followed by the author and 
Cowan. With the former the mean deficit from the bomb results 
was 1'8 per cent, the difference ranged from 0'7-2-9 per cent. Brame 
and Cowan's results are summarized below:— 


Volatile matter on dry coal . . 

6-84 

9-70 

1408 

20'60 

3400 

Maximum below bomb, per cent. 

5-86 

8-10 

5-30 

3-85 

3-40 

Minimum „ „ 

1-61 

5-30 

226 

107 

0-36 

Average. 

400 

6-90 

3-40 

1-92 

1-80 

Range of experimental error on at 






least six determinations. . . 

4-4 

30' 

3-2 

1'8 ' 

3-1 


The general conclusion to be drawn from the joint work is that 
calorimeters of this type will give results which may not vary more 
than 2 per cent, below thg bomb figure, when the coal is used in 
pellet form, electrical ignition adopted, the oalorimeter standardised 
by suitable coals, and with the precautions indicated earlier. The 
results could not be taken as sufficiently accurate to form a basis for 
purchase on the oalorifio value. The margin for experimental error 
is too great, and constant disputes undoubtedly w»4ri result. Such 
calorimeters find useful application when an approximate determina¬ 
tion of the oalorifio value is all that is requisite. 

Bomb Calorimeters.— Very large number* of tests have shown 
that the bomb oalorimeter is the only form capable of giving con¬ 
sistent results with a reasonably high degree of accuracy. Adopting 
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all corrections, Brame and Cot|in found an experimental variation 
ranging from 016-0-30 per cent.; Gray and Robertson from 0 06-0-7 
per cent. When small corrections are omitted the sum of these may 
amount to anerror of 1 or 2 per cent., but it would be rare for them 
to be all in the same direction. For example, the omission of a 
radiation correction is <®unterbalanced largely by the omission of 
the nitric-sulphurio acid correction. With both these omitted, in the 
case of the five coal# used by the author and Cowan, the uncorrected 
value was about 50 calories (0-6 per cent.) below the fully corrected 
value. 

The paper by G. N. Huntley (,/. S. V. I., 1910, 917) on the Accuracy 
obtainable in Fuel Calorimetry should be studied carefully. 

One very obvious point, to which it is Only necessary to draw 
attention because it is overlooked so frequently, is the absurdity of 
returning calorific values to the first and oven second decimal placo. 
It is cloar that the last significant figure has no real value, even in 
the most accurately conducted tests. 

Probable variation in the sample examined from the bulk of the 
coal from which it is drawn is of much greater order than the errors 
in calorimetry with the bomb apparatus. It is dearly very essential 
to take every step possible to reduoe the sampling variation to a 
minimum. 

For a proper estimate of the value attaching to calorimetric values 
it is essential to know the method by which the result has been 
arrived at, and this should be stated in every case. In the literature 
on fuels this is most exceptional, and most of the calorific values 
must be accepted with some reserve; the reliable data on British coals 
is very meagre. 


Calorimetry of Gases 

The most suitable form of calorimeter is one with constant flow 
of water, and from the volume of gas burnt, the rise of temperature 
and weight of water heated, the calorific value is obtained at once. 
Further, as the net value has to be recorded in most cases, this form 
of apparatus readily gives the necessary data, for sufficient gas can be 
burnt to yield a fair volume of condensed water for the proper deduc¬ 
tion from the gross value. 

The best hjjggn pattern is the Junker calorimeter, which is em¬ 
ployed almost exclusively on the Continent and in America, and very 
largely in this country. In the original pattern the thermometers 
for measuring the temperature of the inlet and outlet water were at 
great difference of level, which made reading difficult, and no ready 
means of directing the flow of water into the measuring Vessel *or to 
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waste as required was furnished. In the latest pattern-of instru¬ 

ment, illustrated in Fig. 63, these defects bare been remedied and 
the design improved on in other respeots. 

The principle of construction is that the gas burns at a Bunsen 
burner in a central flue of sufficient diameter to ensure no impinge¬ 
ment of Hio tlamo against tho walls!" the hot products of combustion 
pass to the top of the flue and then descend through small metal 



Fie. 031-Juakor gas calorimctef. 

tubes arranged in a double oircle around the central AJAJttlAJ 
making their exit near the bottom of the instrument. The water is 
supplied from a constant level tank and flows througn the oalorimeter 
in a reverse direction to the gas flow, consequently h! 6 exit gas should 
be cooled to the temperature of the inlet water* It is very necessary 
to provide proper admixture of the various streams of warm water; 
this is accomplished by numerous baffles constituting a labyrinth 
below the exit thermometer. 

The constant level tank is'shown at > (Fig. 63), water to which 
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is supplied through the tube b. The quantity of water flowing 
through the calorimeter is contacted by the quadrant tap „, an excess 
supply over that really demanded being allowed to escape into the 
gmall waste tank c, thus indicating that the head is sufficient to over- 
flow the weir in *, so maintaining the head consfant. From e the 
water passes to waste through tho pipe c. 

The warm outflowing water jmssos through </, which may l>a 
turned® ovor a to waste, or over the largo measuring vessel in 
which it is collected during an actual test. The water resulting 
from condensation drains to 


the lower part of the instru¬ 
ment and is collected in the 
smaller measuring vossol placed 
under the spout /. A tap y for 
emptying the instrument is 
provided at the bottom and an 
air vent through an upright 
tube at the top, terminating in 
the small tank h. 

Tho Hoys cabirinuter was 
designed by Prof. C. V. Boys, 
oneof tho LondonGas Referees, 
at tho tiino vvhon official tests 
of the calorific power of tho 
gas supply were introduced. 
Its essential foaturos are that 
a very small volumo of water 
is actually iu the instrument at 
any one moment, tho heat 
from the gases being abstracted 
by this water flowing through 
two spiral coppor pipos in 
series, these being wound with 
wires, as in a motor ear radiator. 



Fiu. 64 — lioya gas calorimeter. 


The instrument is compact, and when .itanding on a table both 


thermometers are at a convenient height for reading. Tho whole 
instrument may be lifted from the base, giving ready access to the 
burner, and the ®)il system may be lifted out attached to the wooden 
lid and the coils ipynersed in dilute alkali to prevent corrosion. 

A section oftfio apparatus is shown in Fig. 64. 

The inlet water‘passes first through the outer coils downwards, 
then returns upwards through tho interior coils, which are heat- 
insulated by a partition from the exterior coils, finally it flows around 
suitable channels on the exterior of the metal casting immediately 


a 
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above the ohimney, and passes into a mixer with a labyrinth formed 
of coded brass slips. Into the topi of this chamber the outlet ther¬ 
mometer is fixed. 

Two luminous fiames from suitable jets are employed. Tbp 
central chimney is always too hot for condensation of water to take 
place in it. At the commencement water is poured into the bottom 
of the vessel until it overflows at the Spout jft-ovided. Proportionately 
condensation water flows from this spout during a run,-and is 
collected and measured for the iiet calorific determination. 

The calorimeter equipment is completed by an accurate meter 
(one giving a complete revolution of the main index for ^ of a 
cubic foot) and suitablo pressure regulators. It is advisable to instal 
one regulator on the supply side of the meter and another between the 
meter and the instrument. The calorimeter should be fitted with a 
simple device for directing tho water into the large measuring cylinder 
at tho proper moment or to waste, without the operator being obliged 
to look away from the meter dial. In accurate work the temperature, 
and pressure at which the gas is supplied to the meter must be noted, 
and the volume passed corrected to dry gas at 60° F. and 30 ins. baro¬ 
metric pressure. It is very desirable that the water should be supplied 
at the temperature of the room, which may be arranged for by a 
supply tank, without ball valvo, holding from 30 to 40 gallons. 

In operating qalorimetors of the flow type the adjustment of the 
gas and water supplies must be suited to the character of the gas. 
With coal gas about 6 cub. ft. per hour is suitable; poor power gases 
may be burnt at 3 to 4 times this rate. The water flow should be 
regulated so that the products of combustion should leave the instru¬ 
ment at as noarly as possible air temperaturo. In the Junker calori¬ 
meter considerable control of this is possible by alteration of the 
'damper in the exit flue. For the Boys calorimeter a correction 
of J calorie for each degree difference in temperature between the 
exit gases and the air temperature must be added or subtracted from 
the results. In general, a difference in thermometer readings of 10° 
to 12° C. will give a suitable cooling of the exit gases. 

A convenient quantity of coal gas to empldy in a test is 0 - 3 oub. ft. 
The temperature of the inlet water thermometer should be read just 
before the test, as nearly as possible at the completion of the first and 
seoond revolutions of the meter, and immediately after the test. The 
exit water temperature should be noted at every quarter revolution; 
in each case the mean temperature from the obserifarions is employed. 

The main water supply must be adjusted s<f that a small quantity 
is always flowing to waste over the weir in the constant pressure 
device, and the calorimeter should always be run for from 20 to 80 
minutes before taking a test, in order that conditions may beoome 
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settled. When fresh water has been addl'd to the meter or new 
- rubber taking employed, gas shot Id be run through for some time in 
order to saturate them thoroughly. 

„ Some small error is introduced by measuring the water instead of 
weighing it; in this country measuring is usual, in America the water 
is weighed. The simplest plan is to calibrate the measure for the 
weight of water around fhe average temperature at whioh it will be 
collected in practice. 

With proper attedtion to theso points tho results will be accurate 
for all practical tests. 1 The thermal efficiency of a flow type calori¬ 
meter is about 99'5 per cent. 

With a flow calorimeter the calorific value is obtained from tho 
simple equation — 

_ , . . .. Weight of water in kilos x difference of temp. 

Calories per cuh. ft. = . r 

1 Cub. ft, of gas at bfl F. and .10 ms. 

In an actual examplo—Temp, of gas Gff F.; barometer 99-7; 
water collected 3 915 kilos (litres); gas burnt O' 3 cub. ft. (= 0 997 at 
60’ P. and 30 ins.); difference of temperature 110’ C. 

Qtm calories per cub. ft. = * * = b r )4 0 (010 H.TIi.O.) 

For the net calorific value it is desirable to burn at least 1 cub. ft. 
of gas and measure the quantity of condensed water (in e.c.) col¬ 
lected from the drip pipe; calculate this to tho amount obtainable 
per eub. ft. of gas. The amount of heat to lie deducted from tho groin 
value pfer cub. ft. will be obtained with sufficient accuracy by multiply¬ 
ing the number of c.o. of condonsed water per oub. ft. of gas by 06 
Calories (see p. 9). 

Example. In experiment above, water collected from 2 cub. ft. 
of gas = 42 c.c. 

Net value = 154 -(^ x O fi) = 141-4 Cals. (563 B.Tb.U.) 

Liquid Puels in Plow-type Calorimeters— For volatile liquids, 
such as petrol and benzol, vaporization by some suitablo method and 
admixture with air to form a good combustible mixture which can be 


1 The conditions effecting the accuracy ot flow-typo calorlmeU rs have I wen 

. ~ . “ Hcports of tho 

MS, DIM: 1910, 
L'uitod HUtoi,” 

__ __„ „ of Variation in 

calorimeter Teats," J. fli. Ltg., 1910, 110, 355, 182, 578, 856; J. II. Costs, 
ii 'poatmlcal Oat Calorimetry,” 1909,1231; Costs and dames," Mediation 

Errors in Ptow Calorimeters,” J.8.CJ., 1911,87. * *. 
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burnt at the gas burner, is probably the most satisfactory way of 
obtaining their calorific value. In Edition to the gross valhe the net 
value may be obtained also. Watson (loc. cit.) has described a form 
of apparatus he employed with a Boys calorimeter, which appease 
very suitable. Of course every precaution must be taken to avoid 
selective evaporation of the moio. volatile constituents, i.e. the liquid 
must be vaporized completely in small qualities at a time. 

For oils, etc., to be burnt in liquid form, Immenkotter employed 
a burner of the Primus pattern, modified to" permit of its being 
suspended on knife edges on one nrm of a balance. 

8till-water Gas Calorimeters.—Where no regular supply of the 
gas is available it is sometimes convenient to employ q, t calorimeter 
with fixed quantity of water. For a description of two patterns 
of such calorimeters reference should be made to the Strache calori¬ 
meter (./. Ous lJtj., 1910, 111, 387) and Coste and James “On a New 
Form of Still-water Calorimeter” (,/. ,S’. V. I., 1911, 238). 


Rrcormno Gas Calorimeters 

With tho increased importance very properly attached to the 
calorific value of coal gas and tho absolute importance of this 
property in the case of power gases, the 
installation of instruments capable of 
giving continuous and permanent records 
is in the case of large gas works or. power 
plants very desirable. Excellent instru¬ 
ments for this purpose are now on the 
market, and finding extended application 
as their value, is appreciated. For con¬ 
trolling large power plants their use is 
likely to lead to great improvement in 
the conditions of operating. 

Such instruments are unlikely ever to 
' serve as standards for judging the absolute 
calorific value; they can seldom have the 
degree of accuracy possible with a flow- 
type calorimeter, but flnd their speoial 
sphere in giving continuous records of 
Fio. 08.— Sarco recording gas approximately accurate values. 

■«*«-*■- Since the results fhust be dependent 

always upon very absolute control of the quantity of gas consumed, 
the proper automatic regulation of the gas supply is one of the most 
important features.*' In thejunker pattern (see F. C. Baloon, J. Oat 
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Ug., 191(1,109, 436), whew the tow-type is adhered to, the difference 
in temperature between the inlet and outlet water being measured by 
suitably-placed thermo-junctions, tho ratio between gas consumed 
and water supplied must bo absolutely constant. 

Space permits only ^>f a description of two patterns, both of 
proved practical value. Tho " Suren ” (Ins Cnhrimrlrr (Boasley 
patents) is shown in general view in Fig. 65, and its principlo of 
operation will bo followed from 
tho diagram, Fig. 66. Two limbs 
of a U tube contain oil; ono of 
these limbs A jackets the chimney 
C in which flic burner is situated, -5 I 
and this limb communicates with ,;, 
tho oil tank J>. Tho other limb 
B is cold, and communicates with 
a second tank 13. Tho oil in the 
hot limb becomes expanded, and 
oil flows into I), and tho difference 
in level in tho two tanks operates 
on tho floats in each, which in 
turn affect the shaft carrying the 
pen P through tho cords and 
wheels F and F, so that as tho 
recording drum (r is rotatod by 
its clockwork gearing, tho tem¬ 
perature is marked by tho pen. 

To ensure absolute uniformity 
in the quantity of gas burnt, a 
pressure regulator and constant, 
resistance to the flow of gas aro 
provided. The resistance of a jot 
would serve if no deposit or 
obstruction could occur, but re¬ 
liance cannot be placed on this. 

The gas, therefore, passes first Tiu: 60. Sarco recording gaa caiorl- 
through a pressure regulator and moter—diagram, 

then through a special flow regulator, of meter pattern, shown at the 
bottom of the case jp the view of the apparatus. In this the gag is 
passed regularly »y the meter drum, which works at a constant speed 
in rectified paraffin oit The rate of flow being now independent of 
the site of the burner jet, tbe latter is made unusually large and so 
obviates the ohanee of any deposit being likely to choke it. The jet 
is easily aeoessible, and can be removed when required add a fflean 
, one substituted. 
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The cold limb is furnished with Ocular radiating discs, just visible 
in the figure projecting slightly beyond the heavy flanged iron casing 
surrounding the hot limb, this casing acting as a radiator. The float 
chambers are situated at the top of the instrument, inside the ease. 

The instruments, are standardised by pjire hydrogen and oarbon 
monoxide. As the temperature of the flue gases is about 70° C. no 
* condensation of moisture occur;, and hence thenet value is recorded. 

The Leekole Recording Calorimeter is the design of Dr. Fahrenheim. 
The principle of its operation will be followed from the diagram 
(Fig. 67). 



The gas enters the calorimeter system at 1, and passes first through 
the governor 2, from whence it flows through a system of capillarios 4. 
This, in conjunction with the auxiliary burner 5, regulates the flow of 
gas, so that variations in density do not influence the volume of gas 
furnished to the calorimeter burner in unit time. At 6 the gas enters 
a specially designed meter l, by means of which the correct flow to 
the burner 8 is adjusted. 

Air for combustion is admitted through the valve 9, which adjusts 
itself automatically in accordance with the temperature of the exit 
gases, and perfeot combustion is attained thereby.'' The hot gases 
cause expansion of the pyrometer 12, whieh operates 4he pen gear 13. 
After pasting the pyrometer the gases pass dswpwards through the 
annular space between the outer and inner casings, and make their 
exit through 16 and the chimney 17. A secondary supply of air it 
admitted through th^ aperture 10. 















Chapter XIX 


SCIENTIFIC CONTROL OF THE PURCHASE OF FUEL 
AND OF ITS COMBUSTION 

In spite of the enormous development of gas power the generation of 
steam is still the most important method of converting the heat 
energy of coal into work. The economy of tho water-tubo boiler in 
conjunction with turbines has falsiliod the view put forward with such 
confidence by some prophets that tho steam engine would at an early 
date bo relegated to tho museums. Whilst under tho host practice a 
boiler efficiency of 75-80 per cent, is attainable, by operating without 
some system of scientific control large but easily avoidablo losses, 
which greatly reduce the efficiency, are incurred daily. Further, in tho 
purohase of fuel for large plants very much better value for money 
can bo attained almost invariably by applying common-sonse rulos. 

To quote from an article in tho Timet Engmftrmg Supplement 
(August 26, 1908):—“ There arc few materials required in our manu¬ 
facturing and carrying industries which are purchased on a largo 
scale with such a complete nogloct of common-sense rules and pre¬ 
cautions as fuels—tho majority of our manufacturers still purchase 
fuel by the rule-of-thumb methods which satisfied tho last generation. 
A user is not purchasing so many tons of a solid of uniform composi¬ 
tion, but should be purchasing so many units of heat—in solid form 
—as a matter of convenience." 

From a consumer’s point of view the valuo of a coal is dependent 
primarily upon its suitability to existing boiler-house conditions, and, 
secondly, on its calorific valuo. Its burning character, depending 
upon its freedom from caking, its average size, etc., will determine 
whether the requisite quantity can be burnt economically per square 
foot of grate area to give the steam required. Its calorific value is 
dependent upon' the quantity of combustible matter actually present 
and the hearing value of this combustible part; the percentage of 
combustible matter being inversely proportional to the moisture and 
ash of the fuel. 

Given that ooals of a suitable character are available, it has* been 
proved conclusively in the American laboratories with various kinds 

MS 
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of boilers that the practical value of*coal for steam-raising is directly 
proportional to its calorific value as determined in some form of bomb 
calorimeter (i.r., gross value). Logically, it is as absurd to purchase 
coal without roferonco to its heating value (which is always liable to 
variation from the same seam at t^io same colliery) as it would be for 
a metallurgist to pay at a uniform rate per to!i for tho ore of a precious 
• metal without reference to tho actual number of ounces of metal per 
ton of ore. * 

There has boon naturally an adjustment of price to value; certain 
coals are so superior for steam-raising to others that they have com¬ 
manded always a better figuro. When such are employed the quality 
of deliveries is much better sustained when it is knoWn that all 
deliveries are subjected to sampling and determination of calorific 
value. Whore automatic stoking appliancos are installed and control 
of combustion kept by the adoption of scientific methods, it often 
will bo found that poor coal is quite suitable for use and in reality 
gives much hotter value for money than the special quality coals. 

Whilst in somo cases there is no option, if heavy freight charges 
arO to be avoided, but to employ strictly local coals, it will lie very 
exceptional to find no latitudo of choice; some coals are certain to 
give bettor value in heat units for a given price than others. 

Purchaso based on 11 guarantee of composition and calorific value 
never can be satisfactory with a natural product like coal; it is so 
liable to variation in the quantity of combustible matter in different 
parts of the same seam, although the combustible matter has possibly 
a fairly uniform heating value, as to bo against any guarantee. Tho 
simplest method, in cases whoro consumption does not justify the 
application of a full scientific Bystem of purchase, will be that of 
contracting for tho coat which, after trials of other deliveries of ooals 
all suiting the conditions of practice, affords the greatest number of 
heat units per unit of cost, the penny being tho most convenient unit 
of value. Comparison can be made on 

B.Tli. U, per ton , 

Cost in pence per ton 

Should any deficiency in use become apparent, the ealorifio value 
determined on a properly-drawn sample will enable a comparison to 
be made with the original value on whioh it was decided to purchase 
this ooal, and it would be possible to sustain a complSfnt, which with 
ordinary methods is next to impossible. p * 

A factor which has operated against the system has been the 
uncertainty of calorimetric determinations, off which payment must 
be baaed. In an artiofe in the Iron and Coal Trades Review, August 18, 
1911, the following results are quoted as obtained by three chemists 
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or engineers for what purport^! to bo tho same sample—13,550, 
14,060, and 15,360 B.Th.U.! If results ono-tenth as divergent as 
^hese are liable to bo obtained, no ono can accept purchase on a 
calorific value basis, and it is because figures have hoen put forward 
in the past showing enormous discrepancies that there is a natural 
hesitation to be bound irfthe matter of a guarantee of heating valuo, 
or by & contract based on pro rata payments on tho hoat units of 
tho fuel. * 

Purchase on a scientific basis can become general only when 
confidence is established in the accuracy of tlm tests, which, of course, 
involves fair and accurate sampling. Reference has hoen made 
already to the largo errors with certain commonly employed types of 
calorimeters, and it 1ms been provod conclusively that in the hands of 
a competent operator an orror of less than half a per cout. is possible 
with tho bomb calorimeter. Unfortunately the idea has l>eon fosterod 
that any engineer or othor not specially-trained person can got tho 
true calorific valuo of a fuel in somo of tho simpler calorimeters, an 
idea which, after many years' experience with most commercial 
calorimeters, tho writer disputes unhesitatingly. For tho same class 
of coal good comparative figures are obtainable, but the results can 
-never have the degree of accuracy to sorvo as a basis for purchase; 
some form of bomb calorimeter in the hands of an experienced 
operator alone can furnish sufficiently trustworthy results. 

Two alternatives are opon in arranging for tho propor testing of 
the samplos, presuming the specified directions for proper sampling 
have been certified as adopted. Throe identical samplos may be 
sealed up, ono of thoso being examined for tho consumer; if 
demanded, tho othor must Ixs returned to tho producer for his deter¬ 
minations, and a third preserved for reference to an independent 
expert, whose decision shall be final. On tho other hand, as this 
might entail considerable expense, the parties may agree to accept 
the report of an independent authority in every case, on a certificate 
that sampling has beon carried out exaclly as specified, and with a 
provision for the independent expert to*take his own sample if he 
considered it advisable. 

Where contracts based primarily upon pro rata payments in 
accordance witlj calorific valuo have been running, it has been found 
invariably that the total economies resulting are much greater pro¬ 
portionately than The mere per cent, allowance. The United States 
Government are ver^ large purchasers on this system, and their 
oollected experience >s that a saving of 20 per cent, is effected. 
Herein lies the great vftlue of the system; not only is the price paid 
striotly proportional to the quality, but the knowledge that all 
deliveries are subjoct to constant sampling and determination of 
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calorific value ensures that a muoi| better average coal fer steam* 
raising is supplied than under the old system. 

Primarily then the price paid will be strictly proportional to thg, 
calorific value as delivered, a standard price per ton being arrived at 
in conjunction with the calorific vajue of the bulk sample submitted 
for trial. It is not desirable to mako too finfi a differentiation on the 
. calorific value results or payments based on them in view ofrerroip 
in calorimeter determinations irf commercial practice possibly reach¬ 
ing half a per cent., whilst with really good sampling a further error 
of the order of 1 per cent, is probable. Allowing a fair margin it 
would be reasonable to make 2 per cent, differences on the calorifio 
value the usual praotice, and this is the system adopted by the 
United States authorities. With average values for the calorifio value 
of coals for boiler use and average prices, a deduction or bonus at the 
rate of lit. per 100 B.Th.U. variation from the standard would be 
approximately correct, and noarer than 100 B.Th.U. it is undesirable 
to draft a contract. Ono largo Power Corporation in tho States 
makes an allowance at tho rato of 1 cent, for every 50 B.Th.U., which 
is almost in tho same proportion, but assumes an impossible degree 
of accuracy in sampling and calorimetry. 

The point has been raised whether the gross or net calorifio value 
should be taken. The fallacy of regarding the latter as the true 
practical value has been dealt with already, but it is desirable to 
consider whether the ndt value is preferable as the basis. In the 
first place, the gross value is the one obtained in all calorimetric work 
with solid fuels, although ono form of bomb calorimeter is said to bo 
adapted for determining directly the water formed on combustion, but 
this must entail many difficulties which add greatly to tho work 
involved. In practically every case the not calorific value can be 
arrived at only by a knowledge of the percentage of hydrogen in the 
fuel, and this again is ascertained accurately only by the tedious and 
generally unnecessary process of ultimate analysis. 

Attempts have been made to oalaulate the hydrogen from the 
amount of volatile matter, igit no satisfactory relationship has been 
established. It pre-supposes that the compounds yielding volatile 
constituents are similar in all cases, which is manifestly not the case. 

Seyler has proposed the formula— 

H = 1-72 + 2 43 log V 

where V is the volatile matter on the dry, Sash-free coal, this, 
being claimed to hold between 3 and 40 per cent, volatile matter. 
Applying this formula to the very earefully analyzed ooals used by 
the at^hor and Cowpn and Gray and Watson, the error ranges 
from -014 to +084; practically 1 per cent This error is greater 
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than theHiydrogen variation in qpals of about the same character, and 
clearly indicates that recourse must always be bad to the tedious 
process of ultimate analysis for a correct result. 

Taking the very large series of analyses summarized in Table 
XVII. it will be seen that, excluding anthracites, which are not usod 
for steam-raising, the ♦xtrome variation in hydrogen hardly ever 
exceeds T5 per cent., and in general with steam-raising coals will 
be under 1 per certfc. To obtain tflo net value the deduction for 
hydrogen required to be made from the gross valuo is 87 ll.Tli.U. 
per 1 per cent., with 1'5 per cent. difTerenco in hydrogen; this means 
a deduction of 130 B.Th.U., or about 1 per cent, on the heating 
value. • 

The difference between the gross valuo and the real practical 
value as compared with the difference betweon the nut valuo and tho 
same real practical valuo is, within the limits of variation in tiio 
amount of hydrogen found in coals, so nearly constant, certainly well 
within the combined limits of error of sampling and calorimetry, that 
the extra trouble involved in arriving at the net valuo is not com¬ 
mensurate with any slight gain. Tho gross value as determined by 
the bomb is all that is requirod. 

Free moisture, however, demands very careful consideration. 
Heat will lie expended in its evaporation and be lost through the 
steam produced escaping at flue gas temperatures. For the art 
calorific valuo of the sample as delivered a deduction would havo to 
Ire made for this, hut there are very good reasons for not taking this 
into account except in very abnormal circumstances. In the first 
place, the not calorific value is calculated always on tho assumption 
that the products of combustion are at a temperature of 212" F., 
which is never tho case, and this net value is no more tho real 
available value than the gross is; it is only a little nearer the 
practical. 

The beat involved for evaporation may be calculated from— 

(a) Heat raising water from air temperature to 212 ’ (212 - l'). 

(b) Heat to convert to steam from aifd at 212’ (907). 

(c) Heat to raise steam from 212" to flue gas temperature (/')■ 

(f — 212) x specific heat steam (0-48). 

Then— 

Weight of water per lb. of coal x [(212 - f) + 967 + 0-48 If — 212)] 

The magnitude of the values will be appreciated best by taking an 
actual example. • ■ 

With coal: Ash 7-5 per cent. Calorific value on dry, 13,000; on 
combustible, 14,050: Air temperature, 60’ F; Hue gases at 600'’ F. 
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Moisture. 

Calorific value 
on wet foal. 

* Additional B.Th.U. 
••expended on evaporat¬ 
ing moisture. 

Percentage low 
of cslorlfic 
vslue. 

5-0 per cent. 

12,350 

62-5 

0-50 

75 

12,025 

937 

0-78 

100 

11,700 

1250 

106 

12-5 

11,375 

151*2 

1-37 

15 0 

11,050 

187-5 

1-70 


The correction for heat expended in vaporizing this water to flue 
gas temperature will approximate in percentage lowering of calorific 
valuo to ono-tenth only of the percentage of moisture. Hence, unless 
tho dolivory is exceptionally wot as compared with the standard coal, 
this additional factor hardly domands consideration. As further 
reasons for neglecting this there is the variation in tho distribution of 
moisture throughout a large bulk of coal, for which it is not always 
possible to correct in sampling, and tho fact that tho coal as burnt is 
often much drier after storage than whon delivered. 

Moisture is throughout tho most difficult point to deal with 
satisfactorily. In many cases it would be obviously unfair to saddlo 
a contractor with penalties for what might be lxjyond his control, such 
as open tracks standing in the rain for some hours heforo unloading, 
but, of courso, tho converse is sometimes tho case, and tho sample is 
drier than on loading. Ovor a period it would in all probability give 
a balance if the sliding stale of payniont was based on tho calorific 
valuo of tho dry coal, taking a cortain determined percentage of water 
as normal, and therefore the standard, and making an additional 
allowance by calculating the actual delivery as so much per cent, 
above or bolow the quantity weighed in as the percentage of moisture 
is below or above tho standard of moisture agreed upon. 

Tho percentage of ash is another important point. It is allowed 
for pro rata with the lower calorific valuo, but above a certain amount 
ash is detrimental in far greater ratio than the actual percentage will 
show, and a pro riitn deduction does not compensate the consumer 
properly when the ash is much above the standard. 

There is additional trouble in the handling and disposal of ashes; 
if of a clinkering character it will be very troublesome; it leads to 
deposition of much dust in tubes and flues; it interferes with proper 
combustion on the grate, and it may be difficult to maintain the 
required output from the boilers. Above a certain*ambunt then ash' 
may well be subject to a penalty increasing m8r» rapidly than the. 
actual percentage increase, with right of rejection when a certain 
limit is exoeeded. In the American Government contracts the sliding 
scale for ash ranges from 2 cents per ton with low ash to 18 cents 
for high ash content. * 

• M 
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The percentage of small coal again is sometimes taken into 
eonsidenftion, for if this is high it interferes with the proper air 
supply through the grate and larger carton losses in the ash, etc., 
Sgsult. It is very difficult to make proper allowance for this in 
terms of money value. The London County Council contract given 
below takes this factor into consideration. 

Whilst the factors o#ier than calorilio value have been disoussed 
in their relation to purchase on a scientific basis and are of 
importance, in the draft of contracts for what is largely an innovation 
on generations of practice, aud of the fairness of whioh it is still 
necessary to convince many producers, the importance of simplicity, 
in the terms cannot bo over-rated. Ono would bo disposal therefore 
to forego many of these minor considerations for tho groat advantage 
to bo gained by the general acceptance of tho main principle of 
purchase pro rata on calorilio value. 

In developing any schemo of purchase based strictly on calorilio 
value the primary objoct which should he kept in mind is that tho 
consumer shall obtain regularly coal of the desired quality, and that 
tho contract shall he so drawn that it is to the tost financial interests 
of tho producer to supply this quality. If below the standard the 
consumer shall not be called upon to pay moro than a fair price, hut, 
on the other hand, the producer must ho assured of receiving what is 
fairly duo to him should ho supply coal honestly worth more than the 
standard prico, and it is certainly to the interests of tho consumer to 
obtain such fuel. 

It is mainly beoauso proposed contracts in this country have toon 
drawn purely with a view of benefiting the consumer that very 
natural opposition lias arisen to sucli a system of purchase on the 
part of the producer. If tho latter can to shown that ho is to be 
treated fairly, and that if lie supplies coal of higher heating value thun 
the average value taken as tho basis of tho contract he is going 
to obtain a higher price, in fact that the contract is perfectly equitable 
between both parties, this opposition will disappear. 

When the author first laid stress on the necessity for bonus as 
well as penalty clauses in contracts, Mr. <1. C. Locket, Chairman of 
the Coal Merchants Society wrote - 

“ It is the first time in my experience, that any one of authority 
has put forward the proposition that contract conditions should 
be perfectly equitable as between buyor and seller. Personally, I am 
disposed to favour the principle of selling fuel according to its 
colorific value, pftmded tho method of sampling, the form of 
oalorimeter used, the method of taking the analysis, and the adoption 
of a premium as well as*a fine, is settled on a fair and equitable basis." 

That these principles are receiving recognition is shown by the 
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agreement on tenders recently entered into between the principal 
London firms, of coal contractors ^md the Associated Municipal 
Electrical Engineers of Greater London. (8ee Iron and Goal Trade> 
Review, March, 1913.) Two alternative specifications are given, £ 
for named coal, or coal of a particular description, B for coal 
guaranted to have definite qualites^is a fuel for steam-raising. The 
standards adopted are given in Table L1I. * 


TAfcLE LII. 

Standards fob Guaranteed Coat.s, 
Washed Coals. 


Ittwrlption. 


Cnlurlflc ! t- 

value in Violators Small coal 

U. Hi V. ; 


Durham and Yorks, (bituruinous). 


Double nuts. 

18.250 

Singlu .. 

18,000 

Peas.• . . 

12,750 

Scotch (bituminouH). I 


Double nuts.. 

12,750 

* Single ,.| 

12,500 

Posh.1 

12,000 

Welsh (serai-bituminous and pseudo-1 


anthracitic). 


Largo nuts. 

14,800 

Small „ . t. 

13,900 

Peas. 

13,350 


8 

9 

10 


1150percont. through \ in. 1 


17-5 
' 20 0 


10 1 15 0 

11 1 200 
13 I 20 U 


* 



5 ! 150 

ti ! 20 0 
0 20 0 


t H 

Id >1 


Dry Screened Coals. 


Durham and Yorks, (bituminous). I 
Double nuts.1 

12,750 ' 

5 

! 17-5 

Single ..1 

12,500 

0 

250 

Peas. 

12,250 

0 

25 0 

Derby and Notts (bituminous). 1 

Double nuts ........ I 

12,250 1 

9 

: 15 0 

Doubled scroened small nuts . 

12,000 1 

9 

1200 

Poa nuts. 

11,500 1 

10 

200 

Leicester, Warwick and South Staffs. 

Double nuta. 

12,000 ; 

10 

! 15 0 

Double screened small nuts 

11,750 

10 

200 

Pea nuts. 

• 

11,250 

12 

,200 


i 

i „ 
1 .. 


i „ 
i .. 

ili.. 


M 1 » 


f, ” 


Payment under B is on a pro rata scale based on the calorific 
value with suitable modifications of the quantity paid for as delivered 
according to the moisture and small coal. No Variation in the 
oontract price is made for variations in the calorific calue from the 
standard not exceeding one-twentieth of thetfipires in the table. 
The calorific value is to be determined on the coal after drying for 
1 hour at 104-4° C. (220“ F.). . . ‘ 

1 €ievee*HaU he eqmre meth with openings in the clear to the eieet given. 
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The allowance for moisture is arranged as in the County Counoil 
Contract'below, and small coaL on a very similar basis. If the 
percentage of small coal be above' (or below) the standard, the 
quantity weighed out shall be decreased (or increased) by a quarter of 
the percentage inorease (or decrease) of small coal—porcontage being 
taken on the bulk and not on the standard. Bight of rejection of a 
consignment may be excised if the moisture is more than 1] times 
the standard or the proportion of small coal exceeds 25 per cent, by 
weight—taken on thb bulk. The percentage of sulphur on the coal 
as received must not exceed 2 per cent. 

• Two other contracts may Ire cited. Mr. Hidor (Jour. Inst. AVer. 
Engs., 1909, 43, 197, 241) gave the following particulars as to the 
contract foi^the London County Council Power Station. 

The specified standards are— 

Calorific value. 12,500 B.Th.U. 

Small (passing through l square mesh 

sieve).20 per cent, by measurement 

Moisture.10 per cent, by weight. 

The calorific value and moisture are measured by the County 
Council chemist on samples taken from every 100 tons brought over 
the pier head, the calorific value being determined by a Mahler 
bomb Calorimeter on samples dried at 100 ’ C. Moisture is determined 
on a weighed portion of the sample taken from an air-tight tin. 

Small coal is ascertained on tho pier on a sauiplo of about 50 lbs. 
in weight, taken at tho option of tho Council, either from tho bold, 
or from the quantity unloaded from the grabs. 

If the quality of the coni in any cargo, as ascertained by the 
samples tested be found different as regards calorific value, moisture 
or small from the above standards, the prico paid to the contractor 
is varied as follows— 

(a) If the calorific value exceed 12,500 B.Th.U. the price per 

ton is increased in the same percentage ratio as the 
increase in calorific value. t 

(b) If the calorific vhlue is less than 12,500 B.Th.U. tho price 

is decreased in the same percentage ratio. The Council, 
however, lias the right to reject the whole of the cargo if 
the calorific value be less than 10,500 B.Th.U. 

(o) If th# mtlisttire is less than 10 per cent, b) weight, the 
quantity <M coal to be paid for is increased beyond the 
quantity* weighed in by a percentage equal to the per¬ 
centage deettetse of moisture. 

(d) If the moisture exceed 10 per cent, by weigbt„the vgeight 
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of coal to be paid for is decreased below the quantity 
weighed in by a percentage equal to the percentage 
increase in moisture. The Council, however, has the right 
to reject the whole cargo if the moisture exoeed~l£ 
per cent. 

(o) If the proportion of snptll bo less than 20 per cent, by 
weight, the weight of coal to fce paid for is increased 
beyond the quantity actually weighed in by a percentage 
equal to a quarter of the percentage decrease of small coal. 

(f) If the proportion of small coal exceed 20 per cent, by weight, 
the weight of coal to be paid for is decreased below the 
quantity actually weighed in by a percentage equal to 
a quarter of the percentage increase of smalt coal. The 
Council, however, has the right to reject the whole 
cargo if the proportion of small coal excocd 25 per cent, 
by weight. 


“ Tho coal merchants were at first a little chary at accepting a 
contract with such conditions, but, after a littlo experience, they 
found that they were easily able to meot them, and the result hag 
been that an increased price is paid for practically every cargo of 
coal because it is bettor than tho standard. This is a gain to the 
Council in ovory >vay, as not only is tho quality and size of the ooal 
very uniform, but, being so, its handling and burning become an 
easy matter.” 

Mr. L. P. Crocilius has given tho following particulars of the 
system adopted by the Municipal Traction Company of Cleveland 
(U.S.A.)— 

Each day’s consignment of coal furnished to each power plant 
by the contractor is sampled and analyzed to determine its heating 
value. The price paid* by tho company per ton per car of coal is 
based on a table of heat values for excess or deficiency on the standard 
contained in the contract, but subject to further deductions for ash 
and sulphur. 

The table of penalties* is so proportioned as to make it most 
profitable for the dealer to supply bituminous slack of a value 
ranging from 12,500 B.Th.U., the standard in the contract, to 13,125 
B.Th.U., 6 per cent above the standard. 

A small quantity of coal is taken from at le&st five different 
places in oacli car received, by driving into the # coai a 5-foot ram, 
before the car is unloaded. The quantities tlAstreceived from eaq|i 
car of coal of the day’s consignment are thrown into a receptacle • 
provided for tho purpose and thoroughly enixed, and a properly 
selected sample of the mixture is taken for chemical analysis. Half; 
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the Simple of the average mixture is l ibelled and held at the 
Company's laboratory for a period of two weeks after unloading the 
oars. The other half is analyzed as soon as possible after being 
♦skpn/ No other samples are recognized. 

Tests of the sample taken from the average mixture are made by 
the Company's chemist. Should the contractor question the result 
of the test, the duplicate sample is forwarded to an independent 
laborafory. The results obtained fjom the second tost are con¬ 
sidered to be final and conclusive. In case the disputed values as 
obtained in the Company’s test are found by the second test to he 
fper cent, or less in error, the cost of the second test is borno by 
the contractor; but if the disputed valuo is found to bo 'more than 
2 per cent, the cost is borno by tho Company. 

Coal which is shown by analysis to contain less than 15 per cent, 
of ash and 3 5 per cent, of sulphur is accepted without any deduction 
from the basio contract price, plus or minus an amount of oxcess or 
deficiency of B.Th.U. value. When the analysis gives amounts in 
excess of these quantities, deductions are made from the basio 
contract price in accordance with tho penalties provided in the 
contract, plus or minus the amount for excess or deficiency of tho 
standard value. 

Almost immediately after tho contract came in force there was a 
marked difference in tho cost of maintaining tho efficiency of the 
entire plant, accompanied by on improvement of some 8 per cent, in 
the consumption of coal per kilowatt-hour. 

Control of Combustion through Composition of 
Flue Gases 

The method of calculating tho amount of air required theoretically 
for the combustion of fuel of given composition and tho theoretical 
composition of the flue gases have been given in Chapter I, and full 
data for such calculations in Tablo II, Appondix. 

When the combustion of a fuel is complete the wholo of the 
carbon should appear in the flue gases as carbon dioxide, accom¬ 
panied by the nitrogen previously associated with the oxygen in the 
air. If this were attainable without excess air carbon dioxide and 
nitrogen alone would constitute the flue gases. With excess air, as 
must be the casa always with a solid or liquid fuel, free oxygen will 
he present in fujditien. On the other hand, when combustion is not 
Complete carbon will, be found in the flue gases partly as carbon 
^fconoxide and partly as hydrocarbons; theoretically there should be 
Sttfree oxygen. * . 

' _ The efficiency of the combustion process is dopendent upon two 
;iiijiitm factors— * 
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1. Complete development oi the maximum number of heat unite 
of the fuel, attainable only by complete oombuation. ® 

2. Maximum utilization of these unite, attainable only by avoiding 

all preventable waste. ^ 

The first condition is very important. All carbon appearing as 
the monoxide leads to serious loss, for 1 lb*of oarbon then develops 
only 4,420 B.Th.TJ. per lb., instead of 14,650, as it does whqp burnt 
to carbon dioxide. Further, incomplete combustion of the volatile 
constituents (or products resulting from their decomposition by heat) 
leads to escape of hydrocarbon gases. From Table I, Appendix,«it 
will be seen that such hydrocarbons have very high thermal 
values. '' 

In general thoso losses through incomplete combustion oan be 
avoided only by admission of a certain excess of air over that 
demanded theoretically, and necessarily this entails losses through 
sensible heat units carried by the flue gases, which up to a certain 
limit are unavoidable. For maximum practical efficiency a course 
must be steered clear on the one hand of the losses through incom¬ 
plete combustion, without on the other hand running the risk of still 
bigger losses through unnecessary excess of air. Heat units must be 
sacrificed; the important point is to adjust conditions of air supply so 
that this Bacrificeis reduced to the minimum. 

Assuming combustion were perfect with the theoretical air, heat 
would still be lost through tho hot flue gases, the aotual loss depend¬ 
ing on the weight of the gases, their specific heat and temperature, or 

m X Sp. ht. (t 1 — t“) = B.Th.U. 

where m is the weight of gases per lb. of fuel, t 1 the temperature of. 
the fluo gases, 1' the temperature of the air supply. Excess of air 
which must be allowed, as shown already, increases in, and the losses 
beoome proportionately large as (t 1 - t’) becomes greater. In 
addition to losses in tho flue gases excess air causes direct cooling in 
the furnace, and reduces the efficiency of the heat transmission to the 
water. “ 

It is clear then that the control of the amount of air aotually 
employed in the combustion procoss is essential to good results, and 
consequently the means by which a proper judgment of the aotual air 
supply can be ascertained must be considered carefully. 

These methods include (a) complete analysis of thtf flue gases; (5) 
intermittent ("snap") determinations of cartSon' dioxide, only; (») 
continuous recording apparatus for oarbon dioxide; (<i) indirect 
estimation of carbon dioxide from density o! the gases. 

From the complete analysis of the flue gases, carried out usually , 
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in an Qrsatt apparatus, a better computation of the conditions can be 
arrived at than by other methods. This method has the special, 
advantage of giving readily both the carbon dioxide and free oxygen. 
_nd if the amount of carbon monoxide and hydrocarbons is sufficient, 
as should not be the case, a fair approximation ns to their amount. 
If the quantity of thesj products of partial combustion is small, more 
delicate means of analysis is required for their estimation. The 
complete analysis vs invaluable in many oases, but for general control 
in practice much simpler methods are preferable. 

Carbon dioxide alone is a sufficiently good guide in general. Pure 
earlton on combustion with tho theoretical air yields a volume of 
carbon dioxide equal to the volume of oxygen with which it combines; 
hence, as air contains approximately ill per cont. of oxygen, tho 
gaseous products consist of ‘21 per cent, of carbon dioxide and 79 per 
cent, of nitrogen. For a fuel containing r iter cent, carbon the fltto 
21 x r 

gases will contain " ^= y = earlton dioxido per cont. 

The excess air with pure earlton will lie found from 

(cojld- 1 )'” 

For a fuel consisting of carbon only as tho combustible 
together with non-combustible constituents, the oxcoss air will equal 

( ——- 1 )l00. In the caso of a fuel containing hydrogen, a 
' CO., found ’ 

slight modification would be required, because tho hydrogen burns 
with oxygen, forming water, which is condensed, and the carbon 
dioxide is estimated always in the gases after this condensation; but 
for practical purposes this may lie neglected, and tho last formula 
applied as giving a sufficiently accurate approximation. It is not 
possible, however, always to obtain the '■omposition of the coal from 
which y is calculated, but, taking coals generally, tho amount of 
carbon dioxide present in the flue gases with theoretical air supply 
will lie between 18-5 and 19 per cent. On tho basis then of 

( x A®®.-- _ 1 ) 100 , the excess of air may lie ascertained approxi- 
VCO, found / 

mately, and for a given heating value of the coal and flue gas tempera¬ 
ture the losstof heat units for different excess quantities of air 
calculated. I/i t*e diagram (Fig. 68) curves for a typical case are 
given for three djffeycnt flue gas temperatures. 

1 . It Will be seen that the rate of increase of loss through excess 
air down to 12 per cent, of carbon dioxide is not great, but below this 
figure the losses may increase rapidly. In an attempt to work with 
too high a oarbon dioxide figure great risk is run of incurring Mr more 
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serious losses through incomplete combustion, and a safe nraximum 
for carbon dioxide may well be fixed A 14 per cent. 

Several simple forms of apparatus are available for the rapid 
estimation of carbon dioxide in flue gases, and the application of theeS"* 
is often a valuable guide, but conditions during operation of a boiler 
plant, especially with hand-firing, vary so hjpm time to time that 
these intermittent tests have nothing like the value which a contiguous 
recording apparatus has. » . 



Fifl. 68.—Loss of host in flue gases with different. CO, percentage. 

Calculated for a steam caal, 87'0 per cent, carbon; 4-6 per cent, hydrogen; 
assuming a mean specific heat for the flue gusos of 0 24; 18 8 per cent. CO, in 
flue gaees correspond with 11'6 lbs. of air theoretically required. 

The earliest method of obtaining continuous readings of the 
amount of carbon dioxide was by the use of a suitable balance for 
estimating the density of f.ie cooled gases. Owing to the high 
density of this gas as compared with air the density of the flue gas 
could be made a measure of its percentage, bnt so many reliable 
forms of recorder are now on the market that the balanoe method is 
obsolete. It is proposed to describe three typical forms of these 
instruments. The term " continuous ” is not strictly Correct; with 
one exception these instruments make frequent'intermittent, tests of' 
which a continuous record is kept; the rate may lie varied, but it is 
preferable not to exceed 15 estimations per hbtfr. 

The “ Sarco ’’ 00, Recorder. —A general view of the instrument^ 
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shown ip Fig. 69, and its operation will be followed from the diagram. 
Fig. 70. 

The gas is obtained through a §-inch pipe, which taps the side 
or last combustion chamber of the boiler or furnaoe, and is 
connected to the instrument at 3 (Fig. 70); in order that the gas 
samples may be secyed rapidly and continuously the circuit is 
completed by another pipe of the same diameter. This is connected 
at 7, and earned (o the 
base of Jhe chimney, or 
Joa convenient point in 
the main flue. 

The power required 
to draw in tho gas and 
operate the instrument is 
derived from a lino stream 
of water at a head of 
about 2 ft.; 3-5 galls, are 
required per hour. It 
enters the instrument 
through the small glass 
injector 9. By the use 
of injoctors having aper¬ 
tures of various sizes tho 
spood of the machine 
may be adjusted. 

The water now flows 
through tube 74 into the 
powor vessel 82; hero it 
compresses the air nbovo 
the water level, and this 
pressure is transmitted 
to vessel 87 through tulaj 
78. The pressure thus 
brought to bear on tho 
surface of the liquid, with 

which vessel 87 is filled J. I0 (jO.-Sarco CO, recorder— general \iew. 
to mark 95, sends this 

upwards through tubes 91 and 93. Thence it passes into vessels 77, 
66, 67 and 68, c«d into tubes 51, 52 and 49, rising until it reaches 
the zero mark 71,., which will be found’ on tbe narrow nock of the 

’ vessel 67. * 

At the momebt it .reaches this mark the power water, which, 

' simultaneously with rising in vessel 74, has also travelled upwards in 
‘siphon 72, will have reached the top of tHis siphon; which then 
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commences to operate. Through {hif siphon 72 a much* larger 
quantity of water is disposed of than*flows in through injeotor 9, so 



Pio. 70.— Smco CO, recorder—diagram/ Q 


that the power vessels 74 and 82 are emptied #gam rapidly. The 
moment the pressure on vessel 87.is thus released, the liquids return 
from thei' respective tubfes into*this vessel. 
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Assuming tube 49 to be in connection with a supply of flue gas, a 
sample of this is drawn in front the continuous stream whioli passes 
through 43, 45 and 46, as the liquid recedes in 49, by the partial 
TOeuum which is created by the falling of the fluid, As soon as the 
liquid has dropped below point 76, which is the inlet of the 
flue gas into vessel 67, # the gas rushes up into this vessel and its 
oonneotions. When the flow in the siphon stops, vessel 82 begins to 
fill again, and the liquids in tubes 91 «nd 93 rise afresh. The gas in 
67 and 6^is now forced up into tube 50, and caused to hubhlo right 
through a solution of caustic potash (sp, gr. 1-27), with which vessel 
94 is filled to point 64 marked- on the outside. In this process any 
carbon diexide that may ho contained in the gas is absorbed 
completely by tho potash. 

The remaining portion of the samplo collects in 62, and passes up 
through 60 into tubos 57 and 58 (it cannot pass out at 59, as this 
outlet is sealed by the liquid in 52). The gas now passes undor the 
two floats 18 and 26, whereof tho former is constructed largor and 
lighter, and will therefore bo raisod first. 

By turning tho thumbscrews 14 and 15, tho stroke of this float is 
adjusted until just 20 per cent, of the wholo of tho samplo remains to 
raise float 26, when nothing is ebsorl)ed in 94, as would he tho caso if 
air is passed through the recorder. This float has attached to it jam 
36, which is caused to travel downwards on tho chart, when 26 rises. 

If no carbon dioxide were contained in the gas, nothing would ho 
absorbed by the potash in 94, and tho wholo of tho 20 per cent, would 
reach float 26. Thus the pen would ho caused to travel tho whole 
depth of tho chart from the 20 per cent, line at tho top to tho zero 
line at the Ijottom. Any carbon dioxide contained in the samplo 
would be absorbed by tho potash, a correspondingly less quantity 
would reach float 26, and pen 36 would not travel right down to tho 
bottom of the chart, «>., the zero liot Thus any carbon dioxido 
absorbed will be indicated by the length of the lines on tho chart. 

On the return stroke of tho liquid the gas is drawn out from undor 
floats 18 and 26, through tubos 57 and fjfl, and into tubes 59 and 02. 
From here it passes out into the atmosphere at 66, and through tube 
51, as soon as the liquid has fallen below the outlet of tube 52. 

Simmance and Abady's Valveless C0 2 Recorder—The latest pattern 
of this instrument is illustrated in Fig 71. There are four vessels in 
this- apparatus—the siphon tank B, extractor D, recorder F and 
potash vessel E lift desorbing the carbon dioxide. 

The siphon tank is furnished with a heavy float, C, which rises 
slowly as the water filis’up the tank, and falls quickly as the tank is 
emptied by the action of the siphon. The extractor consist of a 
movable gas chamber, D, attached to tbe float by mears of a ohain, 
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M, passing over two pulleys and working in an o- r led with 

water. The recorder oonsists of’* small gasholder with internal 
standpipe and rising bell, F, suspended from a sensitive balance, S, 
moving aver a divided scale, N. The caustic potash tank, E, consjgirr 
of a steel tank, fitted with gas inlet nipple and outlets, and furnished 
with an overflow pipe, L, closed wittf a pinch cock for draining off excess. 

A small water cistern, K, is fitted with St water connection and 
cock X with an injector nozzle immediately below for exhausting the 



Fia. 71.—Slmmanco-Abady 00, recorder—diagram. 


gases, and a loose valve, J, for discharging the contents of the cistern 
quickly at the moment of siphoning; a waste water tank and outlet, 
Y, is also arranged in bottom of oase to carry away the water after 
siphoning. < 

A non-return liquid seal, U, on the gas inlet, P,r.vitb a safety seal 
bubble bottle, T, on the injection connection, F^aip arranged on the 
side of the oase, as shown in the small diagram. * 

Water is allowed to fall into the tank E, from the cistern K. 


Assuming that the former is neatly full, and the weighted float 0 there¬ 
fore nefcr the* top, then* as tlfe water still continues to flow, the float 
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rites until it touches the end of the drip valve J, quickening the 
supply and starting the sipUbff, also actuating the pen. As the 
water siphons out the float drops and pulls up the extractor D, and 
\ ■sharge of gas is drawn in through W from the flue pipe through the 
non-return valve U. The siphoning being finished and the water 
still continuing to flow, the float again rises and the extractor falls 
, until gas is under sufficient pressure to force it through the potash 
solution and out thrpugh the vent pipe, R, until the end of-the latter, 
which is fastened to the side of the extractor, is sealed in the wator in 
ihe tank. On this point being reached, the remainder of the sample 
passes up into the recording boll as the extractor is loworod further 
into its tank. 

The amount of gas trapped off in 1> by the sealing of tho vent 
pipe, when transferred through the potash, is just sufficient to raise 
tho recording boll, F, from 100 to 0 when the apparatus is working on 
air containing practically no carbon dioxide. When working on fluo 
gas exactly tho same quantity is passed from the extractor D, but 
on its passago tho carbon dioxide is absorlicd by tho action of tho 
potash; owing to such absorption tho recorder boll F will not riso to 
its full height. At tho maximum possible tho pen marks on the chart 
its final position, and tho percentage of carlion dioxide in the samplo 
is automatically recorded. Tho pen is brought into operation by tho 
last upward movement of tho float, and the siphon again discharges, 
and the whole operation is repeated ; tho hell F being vontod and tho 
analysed gas driven out through tho vont pipe R, ns the latter is 
drawn out of the water. 

Eaoh sample is measured off under tho snmo conditions of 
pressure, irrespeotivo of tho vacuum or pressure at which tho bulk 
of the gas niay be, this instrument being constructed to work accu¬ 
rately up to 3 inches of vacuum. 

The Bi-Heter C0 a Recorder.—This instrument, originally designed 
by Mr. Otto Bayer, is shown in Fig. 72 and its operation will Is; 
followed from the diagram, Fig. 73. It possesses certain marked 
features in design; in tho first place,liquid potassium hydroxide, 
which is employed in other recorders, is replaced by a solid absorber, 
slaked lime; the amount of carbon dioxide is recorded by two gas 
meters, whioh measure the gas before and after absorption of tho 
carbon dioxide.' Consequently the tneters revolve at a different 
speed, and by mllns of suitable gearing operate the pen on tho 
{eoording drum, ffhftre are no glass parts to get broken and no 
.ghbto tubing to perish. 

L, As shown in the diagram, the gases are drawn first through a 
,W0t. filter, whioh contains wood shavings an£ wood wpol, the in- 
virted bell standing in a water seal. From the filter thp dean*gases 
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pass through a water-cooled system, the "temperature equalizer," 
and then on to the first meter. Thl carbon dioxide is absorbed in 
the large absorption chambor, in which are arranged layers of fine 
slaked lime, tho layers being separated by alternate layers of wosd* 
shavings; tho lime requires renewal about every third day. 



Fro. 72.—-Bi-moter CO, recorder --general vtow. 


The beat of reaction renders the gas warm, so it passes through a 
second temperature equalizer, and then through the second meter, 
finally going through tho aspirator and to waste. 

Whilst the diagram shows very clearly the principle of working it 
does not indicate the compactness of the apparatus, which can be 
gathered from tho general view. The temperaturec equalizers are 
arranged, of course, in one vessel, the long cylindrical, vessel on the 
right-hand side of the case ; from here tho prater passes to the 
aspirator, shown above No. 1 meter. The absorption chamber is the* 
large vessel in the lower part of the case. Th$ fluid in the meters is 
oil, and the level in each is so adjusted that with meter 2 running 
i per tent, slower than No. 1* both working on air, the line ruled by 
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the pen just jreaohes the zero tine on the chart. When cnrbon 



ijoiide is being absorbed the speed of meter 3 is reduced further, 
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und the pen marks the corresjponding percentage qi carbon 
dioxide. • 

It must be emphasized that carbon dioxide alone furnishos.tbb 
easiest and most applicable method of estimating excess air, but that 
carbon dioxide is only a measure o? the heat losses due to this when 
it in not accompanied by carbon monoxide. A iurther small error is in¬ 
troduced by sulphur dioxide, produced from combustible sulphur in 
the fuel. This gas is absorbed also by the reagents which absorb 
enrbon dioxide. — 

The saving of fuel when recorders have been installs! generally 
has boon very considerable. In many cases they have rgvealed that 
not more than 5 per cent, of carbon dioxide had been obtained in 
ordinary working before this chock was introduced. With the 
instruments fitted in a suitable position, the record is at all times 
visiblo to the stokors, who aro found usually to take a proper interest 
in maintaining tho standard of the flue gasos, and as a check to 
excessive liring at infrequent intervals during night shifts they havo 
proved of great value. In power stations with widely varying load it 
is difficult to obtain proper adjustment of conditions for the best 
results without tho employment of some such system, and as a 
means of detecting irregularity in tho working of automatic stokers 
they are valuable. 

A word of caution is necessary in reference to air leaks through 
boiler settings, etc. This would lead to low carbon dioxide, and tho 
oauso would bo detected by failure of reduction of the air supply to 
tho furnaco to raiso tho carbon dioxido. Thoro is, however, the risk,, 
that in attempting to do this, in the absenco of knowlodgo as to an 
air intake, losses through incomplete combustion might be incurred. 

In the operation of producer gas plants the automatic oarbon 
dioxido recorders should prove of valuo in controlling the working 
conditions, as tho carbon dioxide is a most useful indication of the 
reactions taking place. 

Automatic recorders remiiro daily attention if they are to be kept 
operating satisfactorily, but this attention, if regular, need occupy but 
little time. Particular attention must be directed to the cleansing of 
the gases by a suitable soot filter, which should be readily accessible 
for cleaning and renewal of material, and to arranging the gas pipes* 
so that water does not condense and collect iuwbenjjs: drain cocks, 
should be provided at suoh points. The pipe system should be 
blown through at frequent intervals with compressed air'or steam. 
With attention to the recorder as part of th^didly routine of the boiler- 
house the instruments are capable of invaluable service, but wift 
neg38ot for ^>me days so much requires doing that it is never attempted!' 
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Admiralty oil fuel specification, 109 
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Air, composition, 7 : for combustion of 
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Air-carbon reaction, 208 
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composition, 160; corrosion with, 
168; denatured, 161; in engines, 167; 
sources, 164 ; thermal efficiency, 163 
Aldehyde, 163 

Alluer on potroloum oil, 172; tars, 122 
„ Alma gas producer, 240 
Amorican petroleum, 113, 114 
Ammonia recovery, see Producer plant. 
Ammonium sulphate, from coke ovens, 
99; from peat ovens, 28; price, 29; 
production, 10Q, 2.56 
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gasos, 354; oil fuels, 305 
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299 

Anderson, on coal extractions, 37 
Andrews and Porter, on fuel consump¬ 
tion, 294 
Anthracite, 58 
Arsenio in coal, 43 
Argentine petroleum, 115,120 
Aromatic series, 112, 155 
Ash, ooal, 39; determination, 302; 
ooko, 41, 90 ; peat, 41; pine wood, 

Atomisers air, 131; pressure, 133; 
steam, 127 

Atomising fuel, air for, 132; com¬ 
parison of systems, 135; steaL: for, 

Australian ooal, 59 
Automatic 00, recorders, 856 
Available hydrogen in fuel, 11 

Beawna, 155; commercial, 156; ctfji- 
,i poritiou, 156; eetlmated.productkm, 
Attain engines, 157; latent heat/ 
; series, 156; specific heat, 156 
Bensol, M t ». 

Bi-meter CO, Reorder, 96- • ' i 


Bituminous coals, 53; heating nil 
69 

Black-heads in coke, 97 
Blast furnace coke, 86 
Blast furnace gas, 278; at Barrow, 28 
cleaning, 281; com posit. I , 279; d( 
in, 281; power from, 279; tar, 111 
Blue water gas, 218 1 

Boghead cannel, 52 
Boilor heating by surface combustk 
203 

Bomb calorimeters for gaseous fue 
330; linuid, 330; solid, 317 
Bono ana Wheeler on steam in pi 
ducers, 215 

Bone’s surface combustion, 202 

Booth oil burner, 180 

Boudouard on composition of coal, 8 

Boys calorimeter, 337 

Brayshaw gas burner, 200 

Brett oil sprayer, 145 

Briquettes, 82; calorific value of, 83 

British coals, 69 

British thermal unit, 8 

Brown coal tar oils, 117 

Bunker coal, 57 

Bunsen flarao temperatures, 198 
Bunto on oxplosivo gaseous mixtur< 
15; gasification of tar, 248 
Burdon Bystem I for oil fuel, 148 
Burgess and Wheeler on ooal extra 
tions, 87 

Burners for oil fuel, 127; Booth* Id 
Brott, 145; Burdon, 143; Carboge 
131; Field-Kirby, 12 ff; iHolden, fii 
Kermode, 182, 184; Kdrtlng, 181 
Santa F<?, 180; White, 185; WU 
Beet, 129; for gas heating, 900 
Burkhefaer sulphur process, 99 
Burstall ter extractor, 245 
By-products recovery, Burkhelssf, 9fi 
Otto, 98; Simon-Oarv6, 96 

Calorie, 8 

Calorific intensity, 13 .. 

Calorific Value, f; calculated. 51 
316; groM,9,ffu7»t# . 

C.lorlftc nhw of -Uoohol, 163; I 
188; MartNfm»o»gM 1 J78;«lta f . 
19; ornt, 66,6»; 60*1 gu, 191 pa 
88; fooKU, 190, 131 r«Mem>>8 
186,191,194,918} ltg*JUt«ljs| 
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276 ; petrol, 151,153? producer 
gaa,*re5, 20, 370, 271; tar, 121,122; 
water gas, fl8, 228; wood, 18; w€od 
producer gas, 276 

Calorimeters, 817; accuracy of, 319, 
•833i; bomb, 325; Boys, 337; com¬ 
parison of, 833; corrections for, 327; 
Darling, 828 ; F. Fischer, 320; flow, 
335; gas, 335; Junker J185; Lotknlo 
recording, 842; Mablf#, 32-5; Parr. 
31a; recording, 340; Rosenhai»«820; 
Sarco recording, |640; still-water, 
340; L. Thompson, 318; W. Thom¬ 
son, 82ft water equivalent of, 331 
Calorimetry 313 ; corrections 327; of 
gases, 335; liquids, 330, 839; 
solids, 317 

Campbell Auction gas plant, 2CG 
Oampredon coke test, .57 
Canadian coal, 03 

Cannel boghead, 52; coal, 52; composi¬ 
tion, 53 

Carbogen oil burner, 13J 
Ca r bon dioxide us a guide to oomhus. 
tiou, 355; re<-urdtr N 350; Bi-meter, 
361; Sarco, 3.50, himumiicc-Abadv, 
359 

Carburotted water gas, 218 
Carburetting by jw?trol, 149, 152 
Case on gas producers. 210 
Cellular structure of coke, 97 
Cellulose, 33; alcohol from, 101 
CharactoiWof fuel oil, 107 j 

Oharco, 102 ' 

Charcoal, 19; manufacture, 19; peat, : 
24; wood, 19 

Classification of fuels, 17; gaseous 
fuels, 184 

Clayton and Skirrow on tar removal, ' 

yv 

Coal,, absorption of oxygen bv, 76; ' 
action of moisture in, ho 
3oal analysis, 299; anthracite, 58; . 
arsenic in, 43; ash, 39, .'302. bitu- | 
minous, 63; briquettes, 82; brown, , 
49; bunker, 67; calorific value, 66; j 
cannel, 6J2; cargoes, 78; classiflea- 
tion, 45; coherence, 66; coking, 55, | 
86, tests for, 67, 301; combined i 
oxygen in, 11; combustion, 71; com- j 
position, 31, 59; constituents, 83; i 
deterioration, 76; dust firing, 83; 1 
endothermic character, 68; forma- 
Uon of smoke from, 71; gaa -—see 
Cow gae ; gasqp in, 44 ; heating, 78 ; 

ignition Mint, 6; moisture 
39,. 80; determination of, 299 ; 
navigation, 57; niteogen in, 42; 
0*yge« in, 41;*pafcot, 62 ; phos- 
poorna in, 43; physical properties, 66; 
powdered, ae fuel, 88« preparation, 
g; purchase, 348; speciflo gravity, 

,* •pontaneoua ignUion, 78; steam, 
t i storage, 77; stowage capacity, 66 


Coal, sulfur in, 42, 802; tar and tar 
oils -see Tar; volatile hydrocarbons 
in, 32, 53, 300; washing, 69 
Coal contracts, 348, 860; London 
County Council, 351; Municipal 
Traction Co., Cleveland. 352 
Coalcxld, 102 

Coal gas, 183; calorifio value, 191; 
composition, 185, 189; for industrial 
heating, 196; for power, 2S5,289, 290; 
production, 188 ; surfaeocombustion, 
• 202; systems of burning, 198; uso 
^ of water gas in, 219 
Coalite, 101; composition, 101; tar, 
.117, 118 

Coke, alkali chlorides in, 91 ; ash, 41, 
90; calorific value, 88 ; density, 89; 
gas. 91 ; glaze, 97, hardness of, 88; 
metallurgical, 80; nitrogen in, 88; 
ovens, 92; phosphorus in, 91; porosity, 
89 ; production, 91; specific gravity, 

^ 90; sulphur in, 87, 90; water in, 90 
Coke oven gas, 191 ; and blast furnace 
gas, 195; by-products, 98, 198; com¬ 
position, 193; power from, 192 • 

Coke ovens, 92; beehive, 92; recovery, 93 
Coking coal, 55, 86 
Coking tests for coal, 67, 301 
Combined oxygon in coal, 41 
Combustion, 3; air for, 6; incomplete, 
3, 353; limits of, 11; surface, 202 
Combustion of coal and oil compared, 
138 

Composition of nir, 7 ; peat, 23 ; petro¬ 
leum, 111 ; wood, 18 
Compression limit, 252; for alcohol, 
158; gases, 252; petrol, 158, 252 
Consumption of oil in engines, 170, 
173; petroleum oil, 173; tar, 178 
Constam on the volatilo matter in coal 
54 

Corrosion with alcohol, 363 
Costo still-water calorimeter, 340 
Cracking of oil, 113, 126 
Cross,, y ammonia recovery plant, 259; 
rotary few! hopper, 264; sawdust 
scrubber, 265; tar extractor, 245 
Crude petroleum, 110; tar, 118 
Culm, 58 
0 

Darling calorimeter, 323 

t (maturing alcohol, 161 
eusity of ooko, 89 
Deterioration of ooal, 76, 
tjfiesel engines, 171; ignition in, 172 
Efistillation of motor spirit, 812 ; oil, 
118; wood, 20 
•istillation test, Englor, 811 
Dowson, bituminous suction plant, 267; 
gas, 232; stand-by fuel consumption, 

Dixon on ignition points, 5 
Duloog's foamuia,818; modification, 814 
Dust-firing, 83 f “ 
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EegMnhf aspedte of liquid Ail, 174 
ElBrtftoy of gas end steam plants, 283 ; 

■hoot engine*, 284 
Ekenberg peat process, 28 
Eleotriolty, oomparison with other 
forms of power, 291 

Empire steam regulator for suction gas 
plants, 276 , 

Endothermio compounds, 13; nature of 
coal, 68 

Engler's distillation test for oils, 811 
Esohka process for sulphur in coal* 
803 

Ethyl alcohol, 161 
Evaporative values for fuels, 13 
Exothermic compounds, 13 
Expansion co-efficient of petroleum, 110 
Explosive limits of gaseous mixtures, 

15; of water gas, 229; of petrol, 153 
Extinction of petrol fires, 155 

Falk on ignition points, 6 
Fermentation processes for alcohol, 164 
Field-Klrby oil burner, 129 
Pilcher calorimeter, 820 
Elaine, production, 8; rate of propaga¬ 
tion m petrol-ait mixtures, 153; 
temperature of coal gas, 198; tem¬ 
perature of water gas, 229 
Flash point, 805; of fuel oil, 170, 805; 
of petroleum, 110 

Flash point apparatus, o06; Abel, 806; 

Gray, 809; Ponsky-Marten ( 808 
/Slow calorimeters, 885 
-Flue gases, 368; CO, in, 355 
Fractional distillation of petroleum, 
811 

Fuel, analysis, 297; classification, 17; 
consumption, 283, at various loads, 
277, 284, comparison at various 
thermal affloienoies, 284, in suction 
gas plants, 277, stand-by. 288; for 
gas plants, 283, gaseous, 183; Ignition 
points, 4; liquid, 106; oil, 106; oil 
characters, Iff?; oil specification, 10&; 
origin, 1; purchase, 848 j relative 
values, 284; solid, 17 _ 

Furnace arrangement* tor oil fuel, 188 

Garrett and Lomax on anlphnr in Ills, 
80& 

Gas, Hast furnace, 878 ; ooal, 187 ; colt 
oven, 191: DowemuiaS: mixed, 882J 
Natural, 1831 pxodwwk 2&; send, 
water, 232; Siemens, 831; tar, U7f 

Gas- tenter at the Royal Hint, 197. 
tig)" forinddstrisl testing, 200 I 

advantages, 148 ; 
JkS EoEatioa of calorific valua, 8, A 
816; alam iftc a ti o n, 184; bf mMi 
. caloriPo vstajrtttj.ol fow calorific 


Gseta, explosive .tunni, xoi apnw? 

joints, 4; in coal, 44 I ' ’ 

GaRfi cation of peat, 27; 276; wood, 

276 

Glaze of eoke, 97 
Goetze on sulphur in oils, 304 
Gray flash point apparatus, 809 
Gross calorific value, 9 
Gruner’s classification of coal, 47 

Hardness of coke, 88 

Heating by coal gps, 196 ; gaseous luw, 

183; water gas, 228; of coal, 78; 
value of bituminous coal, flU, 68 
Heavy fuel oil for internal combustion 
engines, 171; properties, 

High pressure gas, 198 
Holden oil burner, 128 f ~ 

Horizontal retort tar, 117,119 
Horn coal, 52 

Hubordick on dust in blast furnace gas, 

281 

Hydrocarbons in petroleums, 112 

Ignition point of coals, 5; fuels, 2; 

gases, 5 ; oils, 304 
Imports of petrol, 179 
Incomplete combustion, 3, 353 
Indian coal, 59 
Injectors for oil fuel, 127 

Jet, 49 

Junker calorimeter, 335 

Kermode liquid fuel burner, 132, 134 
Kerpely feed hopper, 262; gas pro¬ 
ducer, 241 

Koppers recovery system, 98 
KOrting liquid fuel burner, 188 

Le Chatelier on flame propagatioiifiO^ 3 
Loskole recording oalonmeter, 342 
Lessing on ooking teat for coal, 801 
Lewes on coal constituents, 56 
Lignite, 49; aa fuel, 51; calorific value, 

61; composition, 49; moisture in, 

49; nature, 49; occurrence, 48; 
ultimate composition, 38 
Limit! of com bastion, 14 
Liquid fual,*lQ6; Admiralty spedflea- 
tion, 109; advantages, 106; burnett, 
127; oalorifie value, 106; eoonomlo 
upeota, 174; for Industrial operations, 
141; internal combuation engines, 
147; steam-raising, 106;stow(fle,10e; 
supplies, 110,174, Cable HE App.it. 
IFS. specification, 109 
Livesay tar extraetor, SB 
London Ooontj^ZoynsU ooal contract, 

Low temperature joke, 101 
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McKee on water ghe,39> f •. 
Mahler's bom* calorimeter, fiMie 
formula, 31# " v 
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, 241; produyr 

Meade on water gas, 229, 230 
»Mechanical stokers, advantages, 74 
Metallurgical coke, 86 
Methane in coal, 41 
Methyl aloohol, 161 
Methylated spirit, 1C1 - I 

Michjjlson on flame propagation, 16 
“ Mixed” gas, 232 • 

Moisture in coal, 39 f action of, 39; 
' determination, 299; coke, 90; peat, 
22; wood 1 , 18 

*Mond ammonia recovery plant, 267; 
on amdWfffa recovery, 255 
Moore producor plant, 253 
Motor spirit, 118; distillation test, 149, 
812 

Naphthene hydrocarbons, 112 ; physical 
properties, 118 

National producer plant, 253 ; tar ex¬ 
tractor, 211 

Natural gas, 186 ; calorific value, 18G ; 

composition, 186 
Navigation coal, 57 
Net calorific value, 9 
New Zealand coal, 64 
Nile sud, 80 

Nitrogen in coal, 42; coke, 88 ; peat, 28 
Non-rocovery coke ovens, 92 

Oil, analysis— see Analysis ; burners, 
127; coal tar, 117; combustion, 138; 
determination of physical properties 
—see Analysis ; flash point, 107,110, 
805; fuel, 105; paraffin, 169; petro¬ 
leum, 110; separation of water from, 
■III); shale, 116; sulphur in, 301; 
supply, 110, 174, Table III. App.; 
water in, 128 

Oil fuel, advantages, 106; burners, 127; 
economic aspects, 174; furnace 
arrangements for, 188; industrial 
applications, 141; systems, 128 
Olefine hydrocarbons, 112 
Onslow on high-pressure gas, 198 
Origin of fuel, 1 
Ostatki, 114,121 
Otto recovery system, 98 
Oven coke, 86 

Ovens, beehive, 92; reooverv, 9$; 
Oxygen absorption by coil, 76; ia coii, 

i 

Paraffin oil, »rcaftcifio valne, 170; 

IS 

paraffinTjrWa&Sa, 11*. 1*8 


__ealorifl* 

88; carbonisation, 36; ohar- 


v eo»I, Hf ootaposUlon* 38,* 
tribution, 31; formation, 23; i 
tion, 36; moisture In, 23; aitCN*' 
In, 28 

Felou» usd Audouln tar extractor, 347 
Pensky-Marten flash-point apparatus, 
.808 

Petrol 148; and alt mlxturef, US; 
calorific nine, Ml; oombuetion, 
153; composition, 148; distillation, 
149; extinction oiflris, 155; imports, 
*179; properties, 160; epeoifio neat, 
150; substitute!, 180; tests, 149, 
812; volatility, 149 

Petroleum, 110; calorific value, ISO, 
121; chemioal composition, 111, 115; 
distillation, 113; expansion co¬ 
efficient, 110; Sash point, 110, 806; 
hydrocarbons in, 112; physical 
characters, 111; speolflo heat, Ul; 
viscosity, 111 

Ffeifier on medium-sized power plants, 
285 

Phosphorus In ooal, 48; ooke, 91 
Fitch coal, 49; {or briquettes, 83 7 i 

Fokorny on cleaning blast furnaoo gndp< 
281 

Porosity of ooke, 89 
Pew or from ooal gas, 285, 289, 290; 
coke-oven gas, 192; producer plants, 
284; production of,comparative|oosta 
of, 290; general considerations, S8S - 
Powdered ooal as fuel, 83 
Fre-ignitiou, 251 ' i 

Pressure atomisers, 188; ooa gas, 198-' 
Producer gas, 231; ammonia recovery, 
253; determination of g&a yield,250; 
plants; Pressure, comparison with 
suction, 293; Crossley, 259; Mason, 
258; Mond type, 257; National, 358; 
Suction (im afao Suotiop Qas): 
Campbell open hearth, 266| Dowson 
bituminous, 367; producers, pressure, 
232; Alma, 2*0; Kerpely, 239; 
Matin. 341; temperature in, 384; 
thermal efficiency of, 250; tar re¬ 
moval, 348; theory of reactions in, 
308 

Proximate analysis of ooal, 83 
' of ooal, 848' 

solvent action on ooal, 88 
itea, 42 

„ r __ low in dalosimeten, 314,328 

Wi H sr-pv. 

an 10 * *■ 

«#»!» . 

’ oalorl®eUr,830 / 

Buttan on ^An«taeAl)/ot' tiefi^ , 168 






Sami-llgnite*,50 - 

Semi-water gas, 2S2 
Separation of water from oil, 123 
Seyler'S classification of ooal, 46 
Shale oil, US * 

Simmancc-Abady CO, recorded, 359* 
Kimou-Carrd recovery system, 98 
Sires of ooal, oommoroial, 09 
Slow combustion, 8 

Smoke production in cool combustion, 
71; oil, 189 

Smythe on ooal constituents, 85 
bnelt on oost of generating electricity, 

Solid fuel*, 17 
Sooth African ooal, 84 
Specific gravity of coal, 60; coke, 90 
Speolfle beat of benzene, 156; petrol, 
150; petroleum, 111 
Specifications for fuel oil, 109 
Spontaneous ignition of coal, 78 
Spraying Oil fuel, 127 
Stacking of coal, 79, 81 
Starch for alcohol manufacture, 164 
Steam, saturation of air, 237; supply in 
pressure plants 386, suotion plants, 
265, 272 

Steam atomisers, 127; carbon re¬ 
action, 209; In producer gas re¬ 
actions, 218; coal, 57 
Steam-raising, by liquid fuel, 106 
Still-water calorimeter, 340 
Storage of coal, 77 

Stowage capacity of’ coaL 66; value of 
liquid fuel, 106 

Strouieyer on power production,295 
Substitutes for petrol, lip 
Suction gas, 281.; and electricity, 291; 


gaa and electricity, 291 -, ■■ ■ 
Temperature of bunsen Same,' irs 
of water gas dame, 229; io gas pro, 
dot ere, 281 : 

Test, with ujcuhol in engines, 197 
Theoretical ai- for combustion, 9 
Theory of producer gas reactions,"206 
Thermal units, ji; value of charcoal 
19; wood, 18 

Thompson, la, calorimeter, ,13 
Thomson, W-, calorimeter, 320 
Threifall on detonniiuitinti, ‘ gas yield 
in producer practice, 250 
Toluene, 155 

Tookoy on comparison between sucticn 
gas and town gas, 239 
foxbane Hill minoral, 42 

Ultimate anah'eis, 31 

Ventilation of coal in store, 81 
Vartical retort tar, 117 
Viscometer, Redwood's, 8® 

Viscosity, 309; of oils, 809; of petro¬ 
leum, 111; of tar, 122 ; 

Volatile matter in coal, 38, 53; deter¬ 
mination of, 300; influence on i.,m- 
i buhtion, 54 

Wallace, U. W., on water gas, 224 
Washing of coal, 09 

Water equivalent inoatotimetry, deter¬ 
mination of, 831 1 ' 1 - 

Water gas, 218-blue.calorific 
value, 318, composite*,' 819; car- 
feurettod, 218, composition, '2K>"1%. 
coal gas manufacture, 480. 219; cos* 
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